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PREFACE. 

I HAVE to acknowledge most gratefully the assist- 
ance rendered me in the preparation of this book by 
Mr. T. H. Gascoigne, son of the Rev. T. Gascoigne, of 
Spondon House School, Derby. For the solutions of a 
few of the Problems I am indebted to Mr. Gaskin's 
Trigonometrical Examples^ and to Mr. Hymers' Trigo- 
nometry, I shall be glad to receive corrections of 
errors that may be discovered in my work. 



Cambridge, October 1S76. 



ELEMENTARY TRIGONOMETRY. 



KEY. 



Examples — I. (pp. i, 2). 

(1) 4 feet 6 inches =54 inches ; .'. number is 54. 

(2) 15 feet 2 inches = 182 inches ; .*. number is 182-r7, or, 26. 

(3) Unit of square measurement is (192 -M2) square inches, or, 16 
square inches ; .'. unit of linear measurement is Vl6^ inches, or, 4 
inches. 

(4) Unit of square measurement is (1000-^40) square inches, or, 
25 square inches; .'. unit of linear measurement is V2F inches, or, 5 
inches. 

(5) Unit of cubic measurement is (216 -r- 8) cubic inches, or, 27 

cubic inches ; .*. imit of linear measurement is Xf^ inches, or, 3 
inches. 

(6) Unit of cubic measurement is (20004-16) cubic inches, or, 125 
cubic inches; .'. unit of linear measurement is Xll2b inches, or, 5 
inches. ' 

(7) Measure of 1 yard is — ; 
.'. measure of 1 foot is ^r ; 

■L 

.'. measure of 6 feet is r-* 

3a 
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(8) Length of line is (5X6) inches, or, 30 inches ; .*. second unit is 

(30-7-4) inches, or, *l\ inches. 

(9) Length of line is 1 yard, or, 36 inches ; 

.*. second unit is (36-7-36) inches, or, 1 inch ; 
and third unit is (36-7-12) inches, or, 3 inches. 

(10) The ratio is 3^ : 3J x 36, or, 3J ; 126, or, 13 : 126 x 4, or, 13 : 504 

(11) The measure of 1 yard is — ; 

IS 

.•. the measure of 1 foot is ;r—\ 
.*. the measure of n feet is ;r— 



Examples — XL (p. 3). 

(1) Lengt h of other side =V(51)2- (24)2 yards = V2601^7'6 yards 

=V2025 yards = 45 yards. 

(2) Length of hypothenuse=V82Ti^ feet =V64 + 36 feet =VlOOfeet 

= 10 feet. 

(3) Diagonal =V{(225)a+(I20)2} yards =V65025 yards =255 yards. 

(4) 'diagonal = ^{(300)^+ (200)^} yards = V130000 yards 
= 360*5 . . . yards. 

gi y^ 4840 

(5) Length = -^g yards — (2-5 x 55) yards = 137'5 yards ; 

diagonal = ^{(137*5)2 -f (88)*-*} yards « ^26650^5" yards= 163*25 
yards, nearly. 

(6) Let a; -h y, a, a; - y be the length of the sides in feet. 

Then (« + yf^x^ -»-(«- y)\ 

or, 4x^=05^, and .'. x=4y. 
Hence a;+y=5y, 

and 5y=20 feet, and .•. y=4 feet. 
Hence the other sides are 16 feet and 12 feet. 
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(7) Proceeding as in Example (6), we get 

Hence the sides are as 3^^ : 4t/ : 5t^, that is, as 3 : 4 : 5. 

(8) Let JB=36 feet, and DjB=27 feet ; 

Oil, QE being the two positions of the ladder. 
Then since ACE'isa, right angle, i ACB, ECD, are together 

equal to a right ai^le. 




Fig. l 

But I'ACB, CAB are together equal to a right angle, 

and .-. L ECD= L CAB, 

Hence in A s ABC, CDE. 

right z ^l?C=right z CDE, and z CAB= z ^CZ), and AC^CE ; 

/. BC^EDy and AB^CD ; (Euclid, I. xxvi.) 
/. width of street =(27 + 36) feet =63 feet, 

and length of ladder =V(27)2 + (36)2 feet =^2025 feet =45 feet. 

(9) Let a; = length of each of the equal sides in feet. 

Then uP + x^={l2f, or, 20? ^lU, or, x«=72, or, x=6 ^2? 

(10) Diagonal =V25 + 25 inches =V50 inches =5V2^ inches. 

(11) Each side of square =V390625 feet =625 feet; 

.-. diagonal =V{(625)2 + (625)2} feet=V{2 . (625)2} feet =625 V2 . feet. 

(12) AD bisects BC A 

.-. AB=-2.BD. 
Let x= measure of length of AD. 

Then »2 = (13)2 _/^y 

=(13)2{l-.J}=(13)2.f. 
• • «c= — r — • 
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Fio. 8. 



(13) Taking the diagram in Example 12, let measure of AB be x. 
Then a:2=,^+ (15)2. 

.-. 3x^=4 X (15)«, or, ^^iji^'^4x (15)^x3, 

(14) 01)^ a perpendicular from the centre on the 
chord AB^ bisects AB, 

Let x= measure of OD in inches. 
Then a;?= (0^)2 -(^i))2 

= (37)«" (36)2=144; 

.'. distance = Vl44 inches = 12 inches. 

(15) Taking the diagram of Example (14). 
Let measure of ^Z> in inches be x. 

Then a:2=(i8l)2- (180)2=361 ; 

.•. a=19, and .-. JjB=(2 x 19) inches=38 inches. 

(16) Taking the diagram of Example (14). 

Let measure of J in feet be x. 

Then x2= (308)2 + (75)2= 100489 ; 

.'. x=317, and ,% diameter=(2 x 317) feet=634 feet 

^ (17) (^C)2 + (5C)2=(^1?)2. 

.•.2(JC)2=(^jB)2; 

"•(Z^"2> 

"AB Ji 

(18) Let X be the measure of EG, 

Then 2x is the measure of ED ; 
and measure of jD(?=V(4x2-x2) = V3.x ; 
.-. EG I ED: DG=x : 2x : V3 . x 

= 1 : 2 : V3. 
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Examples — III. (p. 9). 

(1) Circmnference = — = — feet =-=- feet =15^ feet. 

(2) Eadius = - -~^ feet =^^^ feet=86-306Sl feet. 

22 X 12 

(3) Train goes in a second -- - — feet. 

•o J. • _•! V 22x12x60x60 180 . . 

Eate in miles per hour= ^ ^ ^ ^ j^^^q =-iy^=2671428S. 

(4) Diameter in mnes=»^i^||522=7954A. 

22 

/ex i-L- i. . M 22x883220 «^^^«„,„ 
(6) Circumference in miles = = =2776834 J. 

(6) Eadius in nules=Ii^=?f«=io89}f. 

(7) Circumference in feet=?22iM2i2^22x25 

7 7 

22 X 25 
•'• A 0* circumference=-=-— =^ feet=6 feet 6i inches. 
^2 12x7 

22 X 21 

(8) Circumference in feetsa ; 

.-. * of circumference=??4^i-?L5feet=47f feet. 

7x7 

(9) If 9; be the side of the square, 

(diameter)'^ =2x2 . 
^^diam|ter^7^ 

V2 22 x V2 22 X V2 X V2 22 

(10) ^^diameter^ 7x200 fe^^ ^7x200x^2^^^ =55?^ feet. 
^ ' V2 22x^2 22x2 11 

(11) Point goes in a minute — —-«--- — ^eet. 

T> . . ., 1. 22x12x30x60 90 ,„- 

Rate m miles per hour=« — ;- — — — — --^=--=12f. 
^ 7x1760x3 7 
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(12) End goes in a minute 22x2x15x21 ^^^ 

Kate in mUes per hour^^^ ^^ x 15 x 21 x 60^45^ ^^ 
^ 7x3x1760 2 * 



EXAMPLBS — IV. (p. 12). 

(1) 60 \ 6' (2) 60 \ 43* 



60 \ 16-08§ 60 \ 2715 



•2680S -0452? 

.-. 24^ 16'. 6''=24'-2680^ /. 37*. 2'. 43"=37'-0452? 

(3) 60 \ 14' (4) 60 \ 28' 



\ 14' 



60 \ 0-2§ 60 \ 5-45 



•003S -091 

.'. 176^ O'. 14^=176-0038. .'. 5'. 28"=-09l^ 

(5) 60 1 4- (6) 60 



•0* 60 \ 12-05 



.-. 376*.4'=375'*-0ft. -201 

/. 78M2'.4''-78"-20l. 



EXAMPLBS— V. (p. 13). 

(1) 26». 14\ 26^^=25«'1425. (4) 15\ 7"-45 = -160746g. 

(2) 38«. 4M6"«38«-0416. (5) 425*. 13\ 5''-54=425«»130554. 
(3)214«.3\ r'=214»-0307. (6) 2«. 2\ 2"-22=2«-020222. 



Examples— VI. (p. 19), 

(1) 27M5'.46^=27'-262t 

10 



272-627 



30-291975 . . . 
.-. 27". 15'. 46^=30». 29\ 19^^*75 . . . 
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(2) 157°.4'.9"=157°-069l4 

10 



9 1570-6915 



174-5212§6J 
/. 157^4^9"=174».52M2"•S6l 

(3) 24'. 18"=0'*-405 

10 



9 4-05 



•46 
.-. 24'. 18"=45\ 

(4) 19^0'.18''=19'*•005 

10 

9 I 190-05 
21-11665 
/. 19^0'.18''=21«.1^.66^^•*. 



(5) 143^9'=143'*-15 

10 



9 I 1431-5 

169-05556 
.\ 143'.9'=159«.6\65"-4. 



(6) 28^=28® 
10 

9|"280" 



31-11111 
•. 28'*=31«.11'.11"-1. 



(7) 10^26'.48^=10'••43 

10 



9 I 104-3 

11-58888 
.'. 10^ 26'. 48"= 11». 68\ 88"-8. 
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(8) 2V".38'.12^=27°-63d 

10 



9 276-36 



30-7074 
.'. 27'.38'.12"=3O».7O\74"-074. 

(9) 300M5'.58"=300°-266i 

10 



9 3002-66i 



333-62901234567896 
.-. 300M5'.58''=333».62\90"-i234567896. 

(10) 422'.7'.22'' = 422°-122f 

10 



9 4221-227 



469-0253686419755 
/. 422^ r. 22*=469». 2\ 53" -686419755. 

Examples— VIL (p. 20). 
(1) 19«.45\95"=19"4595 





10 


9 




175-1355 


degrees 
minates 


17-51355 
60 

30-81300 
60 



seconds 48-78000 

.-. 19». 45\ 95" = 17^ 30'. 48^-7a 

(2) 124^5\8"=124»-0508 

9 



10 1116-4572 



degrees 111*64572 
60 

minutes 38*74320 
60 

seconds 44*59200 

.-. 124«f. 5\ 8" =111°. 38'. 44'-692. 
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(3) 29«.75*=29»-75 

9 



10 267-75 



degrees 26*775 
60 

minutes 46*500 
60 

seconds 30*000 

.% 29« 75^=26^46'.30''. 

(4) 15» 0M5" = 15«*0015 

9 



10 135*0135 



degrees 13*50135 

60 

minutes 30*08100 

60 

seconds 4*86000 

.-. 15«.0M5" = 13°.30'.4''*86. 

(5) 154» r.24"=154»*0724 

9 

10 I 1386*6516 
degrees 138*66516 

60 

minutes 39*90960 

^60 

seconds 54*57600 

.-. 154». r. 24" = 138^ 39'. 54''*576. 

(6) 43»=43ff 

9 



10 I 387 

degrees 38*7 

_60 

minutes 42*0 
.-. 43»=38^42'. 
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(7) 38*. 7r.20"-3 = 388-71203 

9^ 

10 I 348-40827 
degrees 34*840827 

60 

minutes 50'449620 

60 

seconds 26*977200 

.-. 38» 71\ 20"-3 = 34°. 50'. 26"*9772. 
(8) 60».76'.94"*3=50«*76943 

9 

10 I 456*92487 



degrees 45*692487 

60 

minutes 41*649220 

60 

seconds 32*953200 

/. 50». 76\ 94"'3=45°. 41'. 32^*9532. 

(9) 170».63'.27"=170»*6327 

9 



10 1535*6943 



degrees 153*56943 

60 

minutes 34*16580 

60 

seconds 9*94800 

.'. 170«.63^27"=153^34'.9''•948. 

(10) 324«. 13\ 88"*7=324«*13887 

9 

10 I 2917*24983 
degrees 291*724983 

60 

minutes 43*498980 

60 

seconds 29*938800 

A •324« \Z\ 88"•7«291^ 43'. 29"-938a 
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Examples — ^VIII. (p. 21). 

(1) Circular measure is -|-g-Q ^^o"* 

. 22*5 xtt w 

(2) Circular measure is — jgg- =g"" 

(3) Circular measure is lil^l ^==^ . 

(4) Circular mea sure is , . = — - • 
^ ^ 180 2 

(5) Circular measure is ^^=^ . 
^ '^ 180 4 

,a\ r^' 1 • 24iftxT 14637r 14537r 

(6) Circular measure IS -^- — =— — _—=_—_. 

^ ' 180 60 X 180 10800 

/Kx r\' 1 • 95ix7r 286 xw 143ir 

(7) Circular measure is /^^ = ~-~ — - = -— — - . 
^ ' 180 180x3 270 

/ON CA- 1 • 1238flATX7r 43504 XTT 27l9ir 

(8) Curcnlar measure ,s.^|-=j^^^^^^=;j^, 

(9) Oircularmeasn«ofea*hangleis«0^=|.. 

(10) The angles are 90°, 45**, 45'', and of these the circular measures 

IT ft ft 



Examples — IX. (p. 22). 

(1) Measure in degree is 1112^=90. 

(2) Measure in degrees is ^?^ s60. 

(3) Measure in decrees is ^^^^^ b45. 

4x«- 
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(4) Measure in degrees is ^^ =30. 

(5) Measure in degrees is —^ =120. 

3 X TT 

(6) Measure in degrees is 1^«??. 

^ ' ^ 2X7r TT 

(7) Measure in degrees is -^ =— . 

(8) Measure in degrees is ~ =— . 

4xir AT 

(9) Measure in degrees is ^Jfi®2=?2. 
(10) Measure in degrees is ~ = — . 

3 X W TT 



Examples — X. (p. 22). 



fl.) Circular measure is = — • 

tei\ rv 'K . 25 X TT IT 

(2) Circular measure is ---—;- =-;r- • 
^ ' 200 8 

(3) Circular measure is — — rr — =rTr- 
^ ' 200 32 

/^\ /N< 1 • 250 X TT fm 

(4) Circular measure is ^^^ = -— . 

^ ^ 200 4 

(5) Circular measure is 5^^=^. 
^ * 200 2 

(6) Circular measure is l^!25^iii!l«-0652525ir. 

(V) Circular measure is ?il5^?15ii!:«.i20751075ir. 

(8) Circular measure is l?5:^^i^=-62500657r. 

2u0 
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(9) Circular measure is ———sb-oOOIStt. 
(10) Circular measure is '^^ "* = -0000025^. 

Examples — XL (p. 22). 

(1) Measure in grades is ^-— — =66*4. 

TT X 200 

(2) Measure in grades is -^ =40. 

(3) Measure in grades is ^^ =33'5. 

Stt X 200 

(4) Measure in grades is ^__=133-S. 

(5) Measure in grades is — =120. 

5 xtt 

(6) Measure in grades is ^ ^ ^00 200 



(7) Measure in grades is 

(8) Measure in grades is 



3x7r 37r 
1x200 40 

» ■ ■■■ ■ ■ » 5S ■ • 

6X7r TT 

1 x200 ^25 
8xir TT " 



(9) Measure in grades is 3x200^120^ 

5X7r TT 

23x200 460 



(10) Measure in grades is 



10 XTT TT 



Examples— XII. (p. 23). 

(1) Measure=22j^5=22-6-r6=4-5. 

(2) Unit =42-6° -7-10 =4•25^ 

(3) Angle=8x2°, or, 16*; 

.-. larger unit = 16* -f5 = 3J*. 
Then, smaller unit in terms of larger is 2-7-3^, or, |, 
and larger unit in terms of smaller is 3 J -f 2, or, f. 
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(4) Angle=7x3*, or, 21°; 

.-. la^genmit=:2r-T-6=3i^ 
Then, smaller unit in terms of larger is 34-31, or, f , 
and larger unit in terms of smaller is 3i-^3, or^ {. 

(5) Measure=42-r45=}^. 

(6) 13M3'.48''=47628'', 

^^,^,^22793£. 

/. ratio=47628 x 6 : 227934=70 : 67. 

(7) G : 2>=10 : 9, /., 9Gt=102>, ."., Gt=2>+ JD. 

(8) The angles of each triangle are 90°, 60°, 30°, because the line, 
drawn from any angle of an equilateral triangle to bisect the base, 
cuts the base at right angles, and bisects the yertical angle. 

Expressed in grades the angles are 100*, 66§', 33}'. 

(9) Let a; + y, jc, X - y be the angles. 

Then a;+y+a;+a;-y=180°, or, 3x=180°, or, a;=60°. 

(10) 



10 


39«-012 
9 
351-108 


degrees 


35-1108 
60 


minutes 


6-6480 
60 



seconds 38-8800 



m 



(11) Number of degrees in the angle = — 

60 

Number of grades „ ^'"^'^ 



Number of French seconds „ = 



60x9 

m X 10 X 100 X 100 _ 5000m 
60x9 27 ' 



(12) 5°. 33'. 20''=20000'' ; and 90°=324000'' ; 

., fraction=?5222^324000= ^^^L 

5 324000 81 
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(13) Let X be the measure of the angle in degrees. 
Then — - is the measure of the angle in grades, 

1 9 
and — + ^- =sl, or, 10a;=19, or, a;=l-9 ; 

.\ unit angle is 1*9°. 

(14) Let x+y,XyX-yhe the angles expressed in degrees. 
Theni5te)=x + (cc-i/); 

or, 10a; + 10i/=18a;-9i/,and /. a;=^; 

.-.the angles are ?|2?, If, 1^, 

and these are in the ratio 27 : 19 : 11. 

.,-x 180^* 10 X ISQg- 200» 200V3«- n r ^i^^ nao^i^ 
(^^^ V3"^"9W3— 73 3- =116«.47 nearly. 

(16) Let x+y,XyX-yhe the angles expressed in degrees. 
Then x+y + x + x-y^l80% or, 3a;=180*, or, a;=60*. 

Also~(60-t/):60 + y = 2:9; 

or, 600-10y=120 + 2y, and .'. y^40\ 
Hence the angles are 100°, 60°, 20°. 

(17) Circumference : diameter =360 : 2 x 57*29577 

= 180:57-29577 
=3-14159 . . . : 1. 

(18) The sum of the two angles is 90°, because the third angle is 90°. 
Hence, dividing 90° into two parts proportional to 2 and 3, 

we have 36° and 54° for the angles. 
.'. angles expressed in degrees are 90°, 64°, 36°. 
„ „ grades are 100*, 60*, 40*. 

„ „ circular measure are -^, —^—. 

A lU o 

(19) Angle: 360°= 13: 27; 

. o«^i^ 360x13 , 40x13, ,^oio 

.'. angle= — -^^ degrees* — g— degrees = 173 J- . 
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(20) Angle: 400'= 17: 54; 

.-. togle=^5^^ grades=125-52S grades. 

(21) Angle subtended by an arc 18 inches longs unit of circular 

200 , 
measure = — grades ; 

1 vx J J i_ c,A ' X. ^ 24x200 800 

.'. angle subtended by an arc 24 inches long=-— gr.s=-^— gr. 

(22) 1st angle contains ^ grades^ or, — grades. 

10 X 20 200 

2d angle contains — - — grades, or, —- grades. 

y y 

*xA o,,,,!. «««fo,-r.a /onn 400 200\^ ^, 1600ir-3600^ 
3d angle contains ( 200 — )gr., or, -— gr. 

(23) Angle required--^ ©^ 1S^ SO'. 7"= 54'. 46'. 54''-5. 

(24) Circular meaBure-ll:^ii^=il5ii^55.=A=.1775. 
^ ' 200 2000 X 113 400 

(25) Measure in degrees =:i?5_^=20ir. 

(26) Larger circumference =400 times smaller circumference. 
Then, since ^j^th part of smaller circumference subtends an 

angle of V at the centre, it follows that -^^ of ^^th part 
of the larger circumference wiU subtend the same angle. 

.-. part required=^-^^^= j^. 

(27) 4 right angles = 360' =400«=:27r« ; 

.*. the measure of 1' will be -— -, 

360' 

\ 
the measure of 1*^ will be — « 

400' 

the measure of 1® will be -- . 

29r 
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(28) Length of whole circumference of eaxth = 79807r miles ; 

/. length of 1 degree of meridian =--—- miles =——^ miles. 

(29) (1) -I ^ 45'=67J** ; 4 x 45'=180'' ; ir x 46'*-45jr' ; 

Un+^) X 45'*=(». 180 + 16)^ 

3 X 180 

(30) Number of degrees in the unit angle = ; 

IT 

.-. measure of an angle of 45'=45^^-^il®5=i5ii^=^ . 

^ TT 3x180 12 

(31) (1) Sum of angles =(12-4) right angles = 8 right angles. 

(Euclid, L xxsn,, Cor. 1.) 

8 X 90 
.'. each angle = — - — degrees =120°. 

6 

(2) Sum of angles =(10 - 4) right angles =6 right angles ; 
/. each angles: ~— degrees =108*. 

(32) (1) Each angle =^-^grades=120«. 

12 X 100 
(2) Each angle = — g — grades = 150*. 

(33) (1) Circular measure of each angle =-»-' 

(2) Circular measure of each angle b-^^^ss—. 
^ ' ^6x23 

(34) Sum of all the angles = (27i - 4) right angles ; 

.*. circular measure of each angle = ^'^ . -^ssn- - — . 

n 2 n 

(35) Arc subtending an angle of 180°=18ir feet 

/. arc subtending an angle of 10**= -^ feet=n- feet 

18 

B 
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(36) Let 2n and n be the number of sides in the polygons, respec- 
tively. 

Each angle in first polygon contains ^~ right angles. 
Each angle in second polygon contains ^~ right angles. 



n 



4n - 4 2n - 4 



=3:2; 



2/1 n 

,\ 4n-4=6n— 12, or, 2n = 8, or, n=4 
Hence the number of sides will be 8 and 4 respectively. 

Examples— XIIL (p. 36). 
(1) fsaiBAD— -T-^\ cobBAD^j-^ ; tanBAD^-r^f 

BmABD= -j~n ; cot^BD=-T-^ ; cosec-4PD=-^2) ' 

BiaBCD^^; sinC£D=g^; tanBaD=^- 

B 




Pra. 6. 



(2) ^ = sin-4, . *. a=b. sin A, 


~=cos(7, .'. a=6.cosC> 



a 



a 



=tan^, .'. a=c . tan^, 



— =cotC, .'. a=:c,cotC; 
c 

and similarly for the rest of the Examples. 
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Examples— XIV. (p. 49), 

(1) cosa . siny . cosS = cosO° . sin45° . cos60' = 1 x -— . J_«. ^ _ . 

(2) sin^.cos ■^. cosecdassinSO" . cos46" . cosecGO* 

4 

1 12 /2. 

"^^V2''v3=vy 

(3) sin ^ + cos^-seca=sm90° + cos30'*-8ec0''=l + ^-l=^. 
^^26 22 

(4) sin \ . cosec^.sec8=8in60°.cosec90°.sec60°«^ x 1 x 2== ^3. 

(5) (sin^ - cos^ + cosec^) (cos^ + sec -^ + cotfi ) 

= (sinOO'' - 00890° + O08ec30'*).(oo890' + sec45'' + oot60*) 
= (1-0 + 2). (0+V2 + -^)=3x(V2+-^)=3V2 + V3. 

(6) (sinfi - siny) (cosjS + oosy) = (sinGO** - sin46'') (co830° + oos46°) 

/^te JLVV?. n_l_l„l 

V2 "V2A2 V2/, 4 2 ""4 
sin2/3 = sin230'=i- x |-= -i- 



(7) cot2 ]L - cot^ -^=cot245^-oot230'*=l -3= -2. 
4 6 

• 9 ^ o;«2 Til 
sin^ — - - sm* — - -- 

6 4 4 2-2 



• 9 ^ mZ^i TT 1 1 1 
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(8) (ain^.««f)(.inf-a«f)=(i..f)(f -1) 



3 11 n- 



(9) co^-g •cos-g=-2--2-=^- 



-— COS I — - + __ I + -—COS I — — |=-r- COS -:t + -;r COS -;r 

2 V3 6/ 2 V3 6/ 2 2 2 6 



% 2 2 4 



(10) tan«|.-tan«|.=3-l-|. 



ain^ 


TT 


-sin* 


TT 


3 


1 
















3 




6 


_4 
" 1 


4 
3 


8 


cos^ 


TT 


. cos* 


TT 


3 








• — m 






3 




6 


4 


4 






FI6.7. 



EXAMPLBS—XV. (p. 52). 

(1.) Let PAf be the tower ; A the place of 
observation. 

Then ^Jlf =200 feet, and L P^M =60'. 

Now PJlf =» Aflf . tanP^M 

«(200xV3)feet=346-4101 ... feet 



(2) Let UO be the tower j P the point of obser- 
R vation. 

Then JJ^=140 feet, and l RPA=2ld\ 
Now BA ^PA . tan30^ 

„ „ =i^ feet =2i^ feet ==80-829037 . . . feet. 

Fro. 8. v3 3 

.'. UO = 80-829037 . . . feet + 5 feet =85 '829037 . . . feet. 
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(3) Taking the diagram in Art. 87, 

/. tan iSQi2= V3, and /. L 8QB^60\ 



(4) Let AB be the steeple ; P the point 
of observation. 
Then P5=300 feet, and z APB==20\ 
Then AB^PB . tan^PJB 

=300 ~ feet = 100^/3 . feet ^ 
V^ P 

*= 173-206.. .feet. 




Fia. 9. 



(5) Let AP be the lock ; the position 
of the ship. 

Then ^P=245 feet ; and z^0P=«30'*. 

Now PO=^AP . QoiAOP 

«245 . V3 ft. =424-352 ... ft. 




Fio. 10. 



(6) Let AB be the hill j C and D the positions of the milestones. 

Then DC=1 mile; z ^06=45'; 
I J[DJ5=30°. 

Hence / a4J5=45^ and AB^BG. 

Let a;=height of hill in miles. 

Then AB^BD . tan^DJB 

= (J5(7+CD).tan30'; 
1 




.*. a;=(a;+l)' 



V3' 



.-. V3. «-»+!, or, !e=_l ^3 + 1 ^ ^3 + 1 . 

1J3^ 3-1 2 ' 

©••too 

/. ac-l-i^f-LU miles=l-366 . . . miles. 
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(7) Let ^0 be the flag-staff ; TO the tower ; M the point of 
observation. 

^ Then Pilf=100 feet; z^MP = 45''; 

/ OMP=30'. 
Then AO-^AT-OT 
10 =PJlf-PM.tanOMP 

«^100- 100- -i-^ feet. 

3 

P ^ 300-173-205. .. ^^^ ^ 42-265 . . . feet. 

Fio. 12. 3 




(8) Let AF be the tower ; MO the column ; MD parallel to OT. 
Aw Then z J[3fD=30', M ^ ^OP=60^ 

ThenMD=OP=^P.cot^OP= —feet. 

V3 

And^Z)=MD.tan^M2>=l^ . -Lfeet 




V3 V3 



=i2§ feet =36 feet 
3 



3 Hence 0M= ^P - J[D= (108 - 36) feet = 72 feet. 



Fio. 13. 



(9.) Let AT be the tower ; if and the points of observation. 

^ Then l J[MP=60'*; and l ^OP=30\ 

Let aj= height of tower in yards. 

Now L AMP= L AOF'\^ L 0AM, 

or, 60'=30'+ I 0AM; 

.-. iOAM^30''=i.AOM, 

^ jTj p and .'. MA = 0M= 100 yards. 

Fig. 14. 

Then u4P= M4 . BinAMP=lOO . -^ yards =50^3 yards. 
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(10) TaJdng the diagram in Art. 871 

tan^(?B=-g^=-=.4; 
•'. altitude of the sun is 25^ 



(11) The diagram represents a vertical 
section of the spire and tower. 

Let X represent the height of the spire in feet. 

Then ^M=a; + 35 - 23=a; + 12, 

£M=60 + l7J=77-5, 

and -=-^=tanii£M=l*5; 

.-. a; + 12=116-25, or, ic=104-25 feet. 




Fia. 15. 



(12) Let OB be the height of the kite in 
yards. 

Let ^0 be the string. 

Then OB^^AO.^vaOAB 



»(260x — Waids= 125 yards. A 




Fio. id» 



(13) Let ^C be the rope ; AB the height of 
the house. 

Thenzu4(75=40^30'. 




Fio. 17. 
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(14) LetulCbe the tower ; BC the breadth of the river. 

A Theiiz^£C=20^ 




Fig. 1& 



120 

= ^feet=342f feet 



(15) Taking the diagram of Art. 87. 



AB 



6 



Length of shadow^ C-B= fap^/)^ =-745 feet=8-063 . . . feet. 



Examples— XVL (p. 57). 

(1) cos^ . tan^-cos^ . —.^fsmlb. 

cosa 

(2) sin^ . cot^=sind . ^==cos^. 

/A\ • 1 sina 

(3) sina . seca = sina . « =stana. 

^ cosa cosa 

,.K 1 cosa . 

(4) cosa . coseca = cosa . -; — a=s -; — =cota. 

sina sina 



(5) (1 + tan^^ . cos2^=sec2^ . cos^^^ 



cos^d 



C0S2^ 



=1. 



(6) (1 +cot2^. sin2^=cosec2d. sin2^=^^=l. 

,^. tan^a tan^a sin'a « . « 

(7) ^—-7 — «-= — §- = — 2-'C0s2a=sin'*a. 
^ ' l+tan^a sec^a cos'^a 

/«* cosec^a — 1 , 1 , • 9 Q 

(8) ^ — =1 5-=l-8m2a=cos2a. 



cosec^a 



cosec^a 



.^. ^ ^ sinaj cosaj sin^ + cos^ 
(9) tanx+cota5= + -^ — = 



cosx sinx coax. sina; cosx.sino; 



=secx.cos6Cx. 
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1 sina; 

COSIC'-^ — • 

-^v cosg . cosecflg . tang sing; cosa; _ cosa; . sinx . coax . Biiig _ 

siiKB . secjc . cotx "" . 1 cosa;"^siiix.siiix.cosx.cosa5"* 

SULC* —7 — 

cosx srno; 

11; cosa; + Bm2;.tai]a;=zcosx4- = — = sssecx. 

C08X coax coax 

la'i cos^ _ coB^ _ cos^ . sin^ _ . ^ 
^ tan^ . cot2^""cotd" cos^ ""®"^^' 

13) (cos«d- l)(cota^+l)=(coB2^-l) . cosec2^= -sm2^x -^= - 1. 



14) cot2a-cos8a=^-cos2a=cos2a/'-i--l')=cos! 



Q 1 - sin^a 
^a — r-s — 



•cosSa-^^L^-- cot*o . cos'o. 



sin^a 



15) sec^a . cosec^a = sec^a (1 + cot*a) = sec^a + sec^a .-r 



cos'a 



sin^a 



=sec*a + C0Bec*a. 

16) sin^^ +Bin'<^ , tan'<^=Bm2<^(l + tan2<^)s=Bin20 . sec^i^sstan^^. 

17) cot^^ . sm*0 + sin^ « Bm*0(cot^ + 1) =sm*<^ . cosec^<^ = 1. 

18) sec«6 - 1 «tan«6=55!^=smV . sec^A. 

19) 2 ver8in<|) - versing = 2(1 - cos<^)— (1 — cos^)^ 

=2 - 2cos0 -1 + 2 co8<|) - cos*<|)=l - cos^=sm2<|). 

20) ??^^-l — ^=l-cos^= versing. 
^ 8600 8ec& 

Examples— XVII. (p. 60). 

1) Let PAM be an angle whose cosine is c. 
Draw FM perpendicular to AM, 
Then if AP be represented by 1, 
AM will be represented by c, and 

PJkf will be represented by Vl - c^. 
Then, denoting z PAM by -4, 

8Ul4 = -t-5 = — - — -Vl-cos^^ 

AP I ^ Fio. 19. 
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tan^ = :P^=^l-<^ ^/l-co8»4 



8ec^ = 



AM c cos A 

AP^ 1 ^ 1 
AM c coaA 



AP 1 



PM Vl - c2 Vl - cosM 



PM Vl-C2 Vl - C082-4 

(2) Let PAM be an angle whose cosecant is c. 
Constructing a diagram as in Example (1), the measures of AP, 
PM, AM may be taken as c, 1, Vc^ - 1 respectively. 

Thensin^=^=i.= ^ 



cosJ.= 



AP c cosec-4 

AM _ >J<? - 1 _ VcosecM - 1 
AP c cosecul 



ts^=m.^ ^ ^ 



AM Vc2-1 Vcosec2J[-l 

. -4P c cosecJ. 

sec-4 = -r^ri-= 



AM Vc2-1 Vcosec2J[ = l 

MP"" — i — =^cosec2^-]. 

(3) Let PAM be an angle whose secant is «. 
Constructing a diagram as in Example (1), the measures of AP, 
AM, PM, may be taken as «, 1, V^^-l respectively. 

PM fJW^ VsecM - 1 



Then sin-4 = 
cos-4 = 



AP 8 secJ. 

AM 1 1 



J.P 8 sec-4 

^ . PAf V?^l ,__,, 

tan^ =2jJ= — J— = Vsec2^ - 1 

-4P « sec-4 



cosec-4 = 



PM V;23i Vsec^^ - 1 



^. AM I 1 



PM Vs2-1 Vsec2^-1. 
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(4) Let PAM be an angle whose cotangent is c. 

Constructing a diagram as in Example (1), the measures of AM, 

PM, AP may be taken as c, 1, s/l+c^ respectively. 



cosu4 = 



AP Vl + c2 Vl + cot^^ 

AM _ c cotA 

AP " 71+72"" Vl + cot2-4 



tan^ =-r^r:^= — 



AM c cot-4 

cosec-4 ~P3J~ — 1 — " ^'l + cot^ J. 

occJL = ^^ = "^"^^^ ^ ^1 + CQ^^^ 
J-ilf c cotJ. 



Examples— XVIII. (p. 61). 

(1) Take the diagram as before ; then if z PAM be denoted by a, 
the measure of PJlf may be denoted by 2, the measure oiAP by 3, 

and therefore the measure of AM by iJd-^= V5. 

Then cosa=: ~ and tana=-7i,' 

3 V5 

(2) Let the measure of AM be 4, and that of AP be 5 ; then that 
of AM^nUl be V25 - 16, or, 3. 

Then sina = -=-, and tana = -7- 
5 4 

(3) Let the measure of AP be 4, and that of Pikf be 3 ; then that 
of PJlf will be Vl6^, or, V?. 

Then cos^=-y , and tan^=-^. 

4 V7 

(4) Let the measure of PAT be 1, and that of AP be s/Z ; then that 
of ^Jtf will be V3^, or, ^% 

2 1 

Then cos^= Vttj *"^^ tan^=-7^« 
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(5) Let the measure of PJlf be a^^ and that of ulJlf be h^ \ then that 
of JLPwiUbe VJ?+6*. 

Then coseca» ^ » — » and seca= -^^-^s — • 

(6) Let the measure of ulM be a, and that of AP be h ; then that 
of PJtf wiU be VP^^a. 

Then tana= , and coseca=— 7~===' 

a NO^ - a^ 

(7) Let the measure of FM be a, and that of AP be 1 ; then that 
of-43fwillbe Vl-a*. 

Then taii^=— ?= — -, and sec^= 



(8) Let the measure of AM. be 6, and that of AP be 1 ; then that 
of PM wiU be Vm 

Then tan^= — ^— , and cosec^g , — _. » 

(9) Let the measure of P3f be'6, and that of J P be 10 ; then that 
of ^M will be V 100 -36, or, 8. 

Then cos^=r7r=— ,and cot^=-7r=-7r* 
10 5 ' 6 3 

'(10) Let the measure of AM be 5, and that of AP be 9 ; then that 
of P3f will be \^81 - 25=^56= 2 Vii. 

5 9 

Then cot^= — 7= , and cosec^=2rTr:i • 

(11) Let the measure of uiP be 22, and that of Pilf be 9 ; then that 
of AM will be V484-81=\/403. 

^ >, a/403 , ^^ \/403 

Then cos^= -^^p- , and cot^=— 77— • 
22 ' 9 
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(12) i.oS=MzI2=.?3^31, 

Let the measure of AP be 31, and that of AM be 30 ; then that 
of PJtf will be V961 - 900, or, ^iti. 

Then sin^= ^^r- , and tan^=^^ • 

vl ' c5U 

(13) Let the measure of PM be 99, and that of AF be 101 ; then 
that of AM will be Vl0201 - 9801, or, 20. 

Then cos^=TqT > and cot^^g^ • 

(14) Let the measure of AM be 20, and that of AF be 101 ; then 
that of VM will be V10201-400, or, 99. 

Then sin0==Trr, andtan<|>=^- 

1 12 

(16) Cos^=l-versin^=l-^=j|. 

Let the measure of AM be 12, and that of AT be 13 ; then that 
of TM wiil be V169 - 144, or, 5. 

6 13 

Then 8ind»r^, and seed =r^> 



Examples— XIX. (p. 63). 

^ ' cosec^ Vcose'c^i "* V(l + cot*-4) * 

(2) co8.4-g-^=^^^^j^^=^^j +tana^)' 

,_. coto; cotflp cotsB 

^ ' cosecxc v(cos©cJJ) v(l + cot^) 

(4) tana;. coax =sinx=V(l--cos^). 

/H\ J. oot0 /J(cosec26 - 1) 

(5) co8<i)= — r =J3Li r — /, 

^ ' ^ cosecc^ cosecc^ 
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(6) tan«=«iH.«=V(l^^) /(Ll^). 
^ ^ C0S9 C0S9 V \ cos^9 / 

(7) sin^a » 1 - cos'asa (1 + cosa)(l - cosa) = (1 + cosa) . versino. 

/o\ X 9 J. «a sin^a sin*^ sin*a . 003^3 - cos^o . sin'^ 

(8) tan*a - tan*p = — 5 o;o= 2 95 

(1 - C0S^a)c08^g ~ (1 - CO8^ff)C0B'a _ C0S^g - cos ^q 

cos^o . cos^jS ~cos^o . cos^/S ' 

(1 - sm^a)si n^ff - ( 1 — sin^ff)am'a _ sin'ff - sin ^g 
sin^a . sin^^ "sin^o . sin^/S 

(10) sm2^ . tan^d + cos^^ . cot^^^ (1 - cos^^ . tan^^ + (1 - sin^^ . cot^^ 

=tan2^-Bm2^ + cot2^- cos2^=tan2^ + oot2^- (ains^+cos^^) 
=tan2^ + cot2^-l. 

(11) sec*^+tan«^=(l+tan2^2 + ta,n*^=l + 2tan2d+taii*^ + taii*^ 

= 1 + 2 tan2^(l + tan2^= 1 + 2 tan^^ . sec^d. 

/io\ at iJ i\ X/J/-1 ml 1 COSd , COS^^ 

(12) cosec^(8ec^-l)-cot^(l -cos^)=^j^g;^-^-^+-j^^ 



sin^.cosd sin^ sin^.cos^ sin^ 



=tan^-siii^. 



(13) cot^J + tan^J = (cosec^ft - 1) + (sec^J - 1) = cosec^ft + m?b - 2 

1 , 1 cos^ft + sin^J 

T* oT" ~" Jb — — : — ^oT of "~ ^» 



1 






- 2= cosec'fe . sec^fe - 2. 



(14) cot^J. - cos^ul =-^-2^ - cos^^ = cos^J.( . 2 . ^ 1 j 

(1 ^ sin -i4.\ cos VI 

— r-o-i — I = co&^A . ^-o-i =co8M . cosec*-4. 
BinM / BUT A 

(15) ten^^-sin«^=?^J-sin«<9=sin»5(^,-l) 



2^ =siii2^ . — 2^=siii*^ . sec^^. 
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sin^ - cosd ain^ . cos^ + 1 sin^^ . cos^ + sin^ - sin^ . cos*^ - cosd 



sin^ . cosd sin^ . cosd ~" sin^^ . cos^^ 

^ (1 - cos'^)co8^ + sin^ - 8in^(l - sin^^) - cos^ 

sin^^-cos^^ sin^ cos^ sec^^ cosec^^ 



sin^^ . cos^^ cos^^ sin^^ cosec^ sec^ 

/,,-x cosec^ sec^ _^!.^ sin^ _ ooB^^ + sin^^ 
seed cosecd"~sin^ cosd~ sind.cosd 

= -r—i. J. = seed . coseed. 

sind . eosd 

(18) C08d(taiid + 2) (2 tand + 1) = eosd(2 tan*d + 6 tand + 2) 

=2 eosd(tan2d + 1) + 5 eosd . tand 

= 2 cosd . sec^d + 5 . siiid=2 seed + 5 sind. 

(19) cosai(2 seex + tanrc) (seea; - 2 tana) 

= cosx(2 see^a; - 3 seea; . tana; - 2 tan'a;) 
=2 eosa;(see^ — tan%;) - 3 eosx . seea; . tanx 
s=2cosa;-3tana;. 

(20) (eosecd - cotd)^ = eosee^d - 2 eosecd . cotd + cot^d 

1 2 cosd cos^d 

^sin^d sin^d sin^d 

1-2 eosd + eos^d ( 1 - eosd)^ 
" sin^d " 1-eos^d 



1 - eosd 



1 4- eosd 



( 1 - eosd) (1- eosd) 
(1 + eosd) (1- eosd) 



cosd - sind 



fai) seed . cf t9 - eoseed . tand _ sind cosd sind . eosd 
cosd -sind ~ cosd - sind "" eosd -Bind 

=-7—^1 ^= eosecd . seed. 

sind . cosd 
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(22) sec^ + cosectf . tanWl + cosec'^ — ^t. + --!^ + -\a 

^ ' vxB iMs>6 cos'fl 

_co^^+sin^fl+l__2__2 ^^ 

(23) (sm^+sec^^+(coB^+co8ec^" 



sin^^.cos^tf sin^ . cosd"" \ sin^.cos^/ 



1 + ^ ^ 



.gav 1 + (cosec^ . tan<^)^ sin^^ . cos^0 BJn^^ . co8'<^ + Bin^ <^ sin^a 
1 + (coseca . tan ^)^ "" sin'^ '°' sin^a . cos^^ + sin^^ sia^^ 

sin^a . coB^ 



Bin^^(l - siii^<^) + sm'<^ Bin^a Bin^^ - sin^^ . sin^^ + sin^ sin^a 
^ Bin*o(l - Bin^^) + sin*^ ' Bin^tf "" sin^a - Bin^a . sin*^ + ain^^ sin^^ 

Bm^^ + Bm2<f>.co8*d sin^a 

sin^o + sin^^ . cos^a Bin^^ 
^ 1 + sin^^ . coty ^ 1 + (oot^ . Bin^y 
, l + ain^^.cot^a 1 + (cota . sm^)^ ' 

(25) (3-4 sin2.i)(l - 3 \x^A) = (3 - 4 sin^.^) (l - ^^^) 
-(3-4sm«-4)(?2^^^^5^) 

-(3 - 4 BmM)(52^Az^z:£2^)) 



^-^«^'^.(4cobM-3) 



cosM 
3 cos^-^l + 3 ^\x^A - 4 ^\T?A 

.?^^?2?^i^B!^(4(^^^ 
=(3-tan«-4)(4cos«ui-3). 



(4cob»^-3) 
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Examples— XX. (p. 65). 

1. (1) 90^ - (24°. 14'. 42*) = 66°. 45'. 18^ 

(2) 90°- (43°. a'. 57^=46". 57'. 3". 

(3) 90* - (64°. (y. 14'0=25^ 59'. 46*. 

(4) 90' - (82°. 4'. 15^ = 7°. 65'. 46". 

(5) 90° - (126°. 15'. 42^ = - (36°. 16'. 42*). 

(6) 90° - (178°. 27'. 34^ = - (88°. 27'. 34^. 

(7) 90°- 195°-= -105°. 

(8) 90° -254°= -164°. 

(9) 90°-(-25°)=90° + 25°=116° 
(10) 90°-(-245°)=90°+245°=336°. 

2. (1) 100»-(32».23\24*V67«.76\76^ 

(2) 100» - (95«. 3\ 75*0 = 4». 96\ !^". 

(3) 100»-(46«.0\84")=63« 99M6^ 

(4) 100» - (2«. 5\ 4") = 97«. 94\ 96^ 

(6) 100» - (135». 2\ 5") = - (35«. 2\ 5"). 

(6) 100« - (169». 0\ 3") = - (69». 0\ 3"). 

(7) 100»-243»=-143». 

(8) 100»-357«=-267». 

(9) 100»-(-36») = 100»+36»=136». 
(10) 100»-(-245»)=100«+246«=346». 

3. a)f-f=^- (2)^-|-|. (3)f-^— fo 



Wl-(-f)-Y-^f=T- <»)f-(-T) = 



IT 3ir oir 

2"'^T"*T 
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Examples— XXL (p. 68). 

1. (1) ISC'- (34M2'. 490=145". 47'. ir. 

(2) 180" - (132". 24'. 47^ =4r. 36'. 13^ 

(3) 180" - (146". 0'. 41") = 33". 59'. 19^ 

(4) 180" - (28". 15'. 4r) = 151". 44'. 56". 

(5) 180"-(179".59'.59*)= V. 

(6) 180" - (100". 49'. 63^ = 79". lO'. T. 

(7) 180" -246" =-65". 

(8) 180" - (437". 3'. 4^0 = - (257". 3'. 4^. 

(9) 180" - ( - 49") = 180" + 49" = 229". 
(10) 180"-(-355") = 180" + 355"=535". 

2. (1) 200« - (132». 32\ 42") = 67«. 67*. 58". 

(2) 200« - (195». 2\ 57") = 4«. 97". 43". 

(3) 2008 - (3«. 97\ 98") = 196*?. 2\ 2". 

(4) 200«-(65».12\8") = 134«.87\92". 

(5) 200« - (154«. 3\ 6") =45». 96\ 94". 

(6) 200« - (174«. 0\ 4") = 25». 99\ 96". 

(7) 200«-2758=-75«. 

(8) 2008 _ (527». 2\ 14") = (327«. 2\ 14 *). 

(9) 2008- (- 358) =200« + 35«=236«. 
(10) 2008 - ( - 3258) =2008 + 3258= 5258. 

3. (l)7r-^=^. (2)7r-:|=^. (3)7r-:^=^. 
^' 22 ^ ' 33 ^ ' 55 

eA\ / »r\ . TT 57r ,KN / 37r\ . Stt 77r 
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4. Let B be the circular measure of the angle. 
Then ^ . ^ is the complement of 6 ; 

and ir - ( -^ — ^V or, ^ + ^ is the supplement of the comple- 
ment of 6, 

Again ir - ^ is the supplement of B^ 

and -^ - (tt - ^), or, d - ^ is the complement of the supple- 
ment of 6 ; 

.•.diflference=|- + ^-(^-|.) = -^ + |-=7r. 



Examples— XXII. (p. 72). 
1. (1) Take the construction and notation of Art. 101. 

Then 8ec(180'*-^)=-secEOP'=^=-^:= -seci. 

(2) Take the construction of Art. 102, and let i EOP^B, 

Then cosec/"-^ + 6\ = =-^=:sec^ 

(3) Take the construction and notation of Art. 103. 
Thentan(180 +^)=_p=_^=_=tan^. 

(4) Take the construction of Art. 103, and let i EOP=0, 

Then sec(fl' + ^ — 7rirr/= — ?nrr = - seed. 

OM' - OM 

(5) Take the construction of Art. 104, and let i EOP=^0, 

(6) Take the construction of Art. 104, and let z EOF =^6, 
Then cot(27r-(9)=cotJg;OP'=-^=-^« -cotd. 
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2. (1) Take the oonstmction of Art. 102, and let L EOF^B, 
Then cosec(90'+B)«oo8ecJ?OP'= ^«.^=^p« , cosec.B _ 

(Ex. xviL 2.) 
(2) Take the oonstmction of Art. 103, and let i EOF^tfi. 

Then oosec(ir +</))= cosec^OP'- -5^= —p^= - cosec^. 

3. (1) Take the constraction of Art. 102, and let z EOP=A, 

Then 8ec(90'+^)=8ec£OP'=^-^- -oosec^- -^j^=. 

(Ex. XVIL 3.) 
(2) Take the constraction of Art. 99, and let z EOF =6. 

Then secf^- ^) =sec^OP'= ^= ^ = cosec^=-7J^-«. 
\2 / OM FM Vsec2^-1 

(Ex. XVII. 3.) 

Examples— XXIII. (p. 72). 

(1) sinl20' = sin(180'*-120')=Bin60'=:2^. 

JU 

(2) 008120**= - cos(180' - 120°) = - cos60'*= - i- • 

(3) sinlSS** = sin (180° - 136*') = sin45' = i- . 

V2 

(4) C0S135* « - co8(180' - 135") « - cos45' = - i • 

(5) 8ml60**=sin(180'-150°) = sm30°=4-- 

(6) cosl50'= - cos(180' - 150°) = - cos30P= - ^ . 

(7) sin225'«sin(180V46'*)= -sin45'*« - -^. 

(8) 8in240'-=Bm(180'+60°)«-sin60'«-^. 



I 



J 
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(9) tanSOO" = taii(360° - 60°) == - tan60° « - V3. 

(10) cosecSOO** = cosec(360° - 60°) = - coseceO" «= - ^ • 

NO 

(11) sec315'=sec(360'-45')=seo45'=V2. 

(12) 001330" =00^360**- 30°)= -00130°= - Va 



Examples — XXTV. (p. 75). 

(1) sind+cos^=0, 

Bin^=-cosd, 
8in2^=cos'^, 
8in2d=l-siii2^, 
2siii2^-l. 

Hence sm^= i-75> a^^d •'• ^—45" or -45*. 

The latter of these yalues must be taken, because sin^ and cos^ must 
have different signs to satisfy the equation. 

(2) 8in^-cos^=0, 

sin^sscosd, 

and, as in Example (1), ds=45* or -45*. 

The former of these values must be taken, because sin0 and cosd 
must have the same sign to satisfy the equation. 

(3) 8ind=taQ0, 

sin^=?^ , and, dividing by sin^, 

1= — ^y or, cos^=l, and .'. ^=0*. 
COSa 

(4) cos^=cot^, 

cos^=^?^ , and, dividing by cosd, 

1 s -T-a , or, Bind— 1, and :, d=90'. 
smcr 
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(5) 2sin^=tan^; 

2Bind=?^, or, 2cosd=l, or, co8^=^, and, /., tf=60". 

Also, since we divided by sin^, one value of ^ to satisfy the original 
equation is given by sin^=0, or, ^=0°. 

(6) 3sin^»2cos>tf, 

3 8ind=2(l-8in2^, 
2sin2tf + 3sin^»2, 

sin2d + -|sin^=l. 

sin^+-r=±-r' 
4 4 

Hence sin^ = -^ , or, - 2. 

The second value is inadmissible 

.-. sind=— ,or, ^=30^ 

(7) sin^ + cos'd . cosec^ = 2, 

. - , cos^d „ 
«"^^+sS?=2' 
sin2^ + 008^^=2 sin^, 
l = 2sin^. 

Hence 8ind=— , or, ^=30*. 

(8) tand=4-3cot^, 

tand + 3cotd=4, 

tan2^ + 3=4tand, 
tan2d-4tan^=-3, 
tan2^-4tand + 4=l, 

tand-2=±l. 
Hence tan^=3 or 1, and the latter of these values of tan^ enables 
us to say that cfM value of ^ is 45°. 
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(9) 4sec2^-7tan2^=3, 

4(1 + tan^^) - 7 tan2^=3, 

4-3tan2^=3, 

tan^^^y, or,tan^=:-7^, and .*. ^=30^ 

4 

(10) cos^ . cosecd + Bind . seed = —j^ > 

cosd sind _ 4 

Bind cosd" V3 ' 

cos^d + sin^d ^ 4 

Bind . cosd tJZ ' 

V3=4sind.cosd, 

3 = 168in2d(l-sin2d), 

16Bin*d-16 8in2d=-3, 

3 
Bin*d - sin^d ^"Ta' 

3 1 

Hence sin2d=-7- or -j-, 

and /. sind=-^ or \, and d=60' or 30^ 

(11) 3 sin^d - cos^d + (V3 + 1) (1 - 2 sind) = 0, 
3sin2d-(l-sin2d)+ ^3 + 1-2^3 sind- 2 sind =0, 
4 sin^d - 2( V3 + l)sind= - ^3, 

sin2d-^^^.sind=-4^, 
2 4 

4 4 

Hence sind = -^ or -i- > and d = 60' or 30'. 

(12) 3 cos^d - sin^d + ( ^3 + 1) (1 - 2 cosd) = 0, 

3 cos^d- (1 - cos^d) + V3 + 1 - 2 V3 cosd - 2 cosd=0, 

4 cos^d - 2( V3 + l)cosd= - V3. 
Hence^ by the same process as in Example (11), , 

cosd=^ or -i-, and d=30' or 60*. | 
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(13) sec^ . cosec^ + 2 cot^«4, 

1 . 2cos^ . 



cos^.sin^ sin^ ' i 

1 + 2 co82^=4Bmd . C08^, 

1 + 4 cos'd + 4 cos*d= 16 8m2^ . cos^d, 

1 + 4 cos'^ + 4cos*tf =16 coa^^- 16 cos*^, 

20 008*^-12 oos»^= - 1, 

3 1 

COB*^ - — COS*tf = - ~ . 

20 

Hence co8'd=-^, and cos^^-tx, and ^=45** 

(14) 8in^+cosd= V2, .... (1), 

Bin«^ + 2 sin^. 008^ + 0082^=2, (2), 

28in^.oos^=ly 

4 8in^. 003^=2, and, subtracting this from (2), 
sin^^ - 2 Bind . oos^ + oos^^ = 0, 

sin^-coB^=0, and, adding this to (1), 

28ind= V2, /. 8in^=-i-, and ^=45^ 

v2 

(16) oot*^+4cos*^=6, 

coB^d + 4 coB^d . sin2^ = 6 sin^^, 
008^^ + 4 cos^tf - 4cos*^ =6-6 cos^d, 

cos*^ - -rCOB*^ =----. 
4 2 

3 

Hence oo8'^=-r or 2. 
4 

The latter valae is inadmissible, and we must have 
0082^=4-, or, ooB^=-^> and ^=30'. 



(16) tand+cot^«2. 

tan2^-2tan^=-l; 
.-. tan^=l, and ^=45\ 
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(17) sm^-cos^= V2, . . . . (1) 
8in2^-2sm^.cosd + cos2^=2, .... (2) 

-2sin^.cosd=l, 
4sm^ . oos^= - % and adding this to (2) 
sin^^ + 2 Bind . cosd + cos^d^O, 

sind+cosd=0, and adding this to (1) 

2sind=V2,or,Bind=--72, andd=45* or 135'. 

Now cosd has to be of the same numerical value as sind, but with a 
different sign, and hence 45° is an inadmissible value of 6 ; 

.-. d=135^ 

(18) sind + cosd=2 ^2 . sind . cosd, 

sin^d + 2sind . oosd + cos2d=8sin*d . oos^d, 
8 sin^d . cos^d - 2sind . oosd= 1, 

sin^d . cos^d - ~. sind . cosd=» y, 

sin^d . cos^d - 4-sind. cos^ + i^ = ;^ : 
4 64 64' 

.*. sind . cosd=-2- or - ~, 
Taking the former of these values, we get 

sin2d(l-Bin2^ = ~. 
Whence va^B^-^^ or, sind=-75, and d=45*. 

(19) V3 . sind= V3 - cosd, 

3 sin^d=3 - 2 V3 . cosd + cos^d, 
3-3cos2d=3-2V3cosd+coB2d, 

4cos^d=2V3.cosd. 
Dividing by cosd, we get 

4 cosd=2 V3, or, co8d=0. 

Hence cosd=-2- , or, cosd=0 ; 
.-. d=30°or90^ 
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(20) tan2tf + 48m«^=3, 

1 -C06*^ + 4 C06*^-4C0S*d = 3 cos'^, 

4cos*^=l ; 
.*. one value of coed is~79> or, ^= 45". 



V2' 



Examples— XXV. (p. 8i). 

(1) sin480"= 8^(360" + 120") =sinl20'*=sm60"=-^. 

(2) cos480"=cob(360" + 120") = oos120"= -cos6d"= --|-- 

(3) 8in495" = sin(360" + 135") = Bml35" = sm46" = 4^ • 

(4) COS495" = 008(360" + 135") = C08l35" = - cos45" = - -jg * 

(5) 8in870"=sinC720" + 150")=sinl50"=sin30"=-i. 

(6) COS870" = cos(720" + 150") = cob150" = - cob30" =='- ^ • 

(7) Bm945"=sm(720" + 225")=Bm225"= -8m45"= -\' 

(8) sinQGO" = sm(720" + 240") = Bin240" = - sinGO" = — ^ • 

(9) tanl020"=tan(720" + 300")=tan300"=-tan60"=- ^3. 

(10) cosecl380"=cosec(1080" + 300")=cosec300"= - cosec60"= - -? ' 

(11) 8ecl395"=sec(1080" + 315")=sec315"=Bec45"= ^2. 

(12) cotl410"=cot(1080" + 330")=cot330"= -cot30"= - ^3. 
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(13) cos420'=cos(360' + 60')=cos60'*=4- 

(14) sec750** « 860(720" + 30") = 86030"= ^ 



V3 

(16) tan946'' = taD(720'' + 225") = tan225" = tan46" = 1. 

(16) sinl200" = sin(1080"+ 120") = 8inl20"=8in60"=^. 

(17) 8inl485"= sin(1440" + 45") = sin45"=42 . 

(18) 0081470"= 008(1440^30") =00830"=-^. 

(19) 8m77r=sm(67r + 7r)=sin7r=0. 

(20) 8eo87r=86o27r=l. 

(21) O086o930"=ooseo(720" + 210")=oo86c210"= -0086030"= -2. 

(22) ootll40"=oot(1080"+60")=oot60"= ^ 



V3 

(23) tanl305"=tan(1080" + 225") = tan225"= tan45"= 1. 

(24) O08eol740"=oo86o(1440" + 300")=oo8eo300"= -0086060"= — \- 

(25) 8in( - 240") = - sm240" = - sin( - 60") = sin60" = -^ . 

(26) oot( - 675") = oot(720" - 675") = oot45" = 1. 

(27) seo( - 135") = - 86o(180" - 135") = - 8eo45"= - ^2. 

(28) tan(-225")=tan(360"-225")=tanl35"= -tan45^= - 1. 
(20) oos6o( - 690") = 00860(720" - 690") = ooseo30" « 2. 

(30) 008( - 120") = OOS120" = - 0086O" = - 4" ' 
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Examples— XXVI. (p. 82). 

(1) sin^sl ; .'. one value of d is -q- ; 

.*. general value of ^ is nir + ( - 1) .— . 

^2) cos^=l ; .*. one value of ^ is ; 
.*. general value of ^ is 2n9r. 

1 TT 

(3) 8in^=— 75 ; .*. one value of ^ is -7- ; 

...gene«av.lueof.iB«..(-l)"^. 

(4) tand= V3 > •*• o^e value of d is ~ ; 
.'. general value of ^ is tott + ^ . 

(5) 3sin^=2cos2^ 
3sin^=2(l- sin*^ 

sin2^ + -|-8in^=l 

(8in^+-|)'=±A,or,sind=lor -2 
. '. least positive value of ^ is ^ ; 

.'. general value of ^ is nw + ( ^ 1) .-^ . 

6 

(6) 2sin^stan^, 
^ . ^ sin^ 

.•. 8in^=0, or, cos^^-q- ; 

/. ^=0, or, ^=-3-; 
.*. general value of ^ is nn- or 2n9r±--- • 
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(7) tan*^+4sm2^=3, 

sin^d + 4 sin^^ . cos2^«3 cos'd, 
Bin2^ + 4 sin^^ - 4 sm*d=3 - 3 sia^^, 
4Bin*^-8sm«^=-3, 

4 

2 

/IT 1 

Hence sm^= ±^ _ or ± -^ ; 
.-.least poBitiye value of^is^; 
/. general value of ^ is rwr + (- 1) .— • 

(8) cos'^sin^^, 
cos«^=l-cos2^, 

2 cos'^=l, and .". cos^= ±-7= 5 

V2 

.*. the least positive values of ^ are -^ and -r- ; 

4 4 

/. the general value of ^ is 2«7r ± ^ or Stmt ± — . 



(9) tand=4-3cot^, 

tan2^-4tan^=-3, 

tan^»3 or 1 ; 
.*. the least positive value of ^ is •— ; 

/. general value of ^ is twr + -j • 
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(10) sec2^--5-sec^ + l=0, 

sec2^-4.sec^ + ^=4 
2 16 16' 

4 4 

.'. sec^=2 or-i-. 



Taking the value 2 for sec^ (the other value being impossible) 

3" 



the general value of ^ is 2rMr± -5- 



ExAMPLES— XXVII. (p. 87;. 

(1) 
8in(J. + 5).sin( J. - J5) = (sin^.cosB + cosJ..sin5).(8in-4.cosJ5 - cosJ-.sin^) 

= sin^ J.. cos^B — co8^-4. sin^^ 

=8in2-4(l - sin25) - (1 -sin2^) sin25 

essin^-^-sin^J?. 

(2) 
sin(a + ^) . sin(a - ^) = sina . cos/3 + cosa . sin/3) (sina . cos/3 - cosa . sinjS) 

= sin^a . cos*^ - cos^a , sin^/3 

= (1 — cos^a)cos^/3 - 008^0(1 - cos^jS) 

= 008^/8 -cos^o. 

(3) 

cos(-4 + 5).cos(-4 - ^ = (cosAoosB - sin^.sinJ5)(coaB. cosJB + sinAsiaB) 

= 008^-4 . cos^5 - sin^-4 . sin^^ 
= cos^-4(l - sin^^) - (1 — co82-4)8in^5 
=008^-4— sin^^. 

(4) 
cos(a + ^) , cos(a - /3) = (cosa . cos^ - sina . sin/S) (cosa . cosjS + sina . sinjS) 

= cos^a . cos^jS — sin^a . sin^/S 

= (1 - sin^a)co82/3 — sin2a(l -» cos'/3) 

=008^/3 — sin^a. 
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(6)' 
2 sin(a; + y) . cos(x - y) = 2(ama;. cosy + coso; . siny) . (cosx. cosy + sina;. siny) 

B 2 {sinx . cosx . 006^ + sin^ . cosy . siny + cos^ . siny . cosy + 

sina; . cosa; . sin^y} 

= 2{sina5 . cosa;(cos2y + sin^) + siny . cosy(sin% + cos^x)} 

B 2{sinx . cosa; + sini/ . cosy} 

= (sina; . cosa; + cosx . sina;} + (siny . cosy + cosy . siny) 

= sin(x + a;) + sin(y + y) 

=sin2a;+sin2y 

(6) 

2 C0B(a5 + y) . sin(x - y) = 2(cosa; . cosy - sina; . siny). (sina; . cosy — cosa; . siny) 

= 2{sina; . cosa; . cos^ — siny . cosy, cos^ — siny . cosy . sin^ + 

siqa; . cosa; . sin' 
= 2{sina; . cosa; . (cos^ + sin^) - siny . cosy . (cos^ + sin^)} 
= 2{sina; . cosa; - siny . cosy} 

— (sina; . cosx + cosa; . sina;) - (siny . cosy + cosy . siny) 
= sin2a;-sin2y. 



* cosJ. cos^ 

_s in^ . co&B + cos^ . sinB 
cosJ. . cosf 

_ sin(^ + B) 

COS^.COSjB' 



sina sinS 

(8) tana-tani8= --^ 

^ ' ^ cosa cos^ 



sina . cos/3 - cosa . sing 
cosa . cosg 

sin(a-/3) 
cosa . cosg ' 
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EXAMPLB8— XXVIII. (p. 88). 

(1) sml5''=sin(46'-30') 

« sm45" . 00830° - 00846" . ainSO" 

J_ V3_ 1 \^ 

V3 1 ^ V3--l 

"272 2^2 "2^' 

(2) 00875' =008(45" + 30°) 

= 00845° . oos30° - sin45° . sin30° 

JL ^_ 1 JL 

" V2 ' 2 72 ' 2 
V3 1 ^ V3"l 
'^2V2~a72 2V2 ' 

(3) tan75°=*tan(45V30°) 

=sm(45° + 30°) -S-oos(45°+ 30°) 
V3 + 1 . V3-1 

"" 2V2 • 2V2 
V3 + l _ (V3 + l)« _4 + 2V3_, ,^ 
V3-1~(V3-1)(V3 + 1)" 3-1 -^ + V«^- 

(4) oot75°=oos75°-f8in75° 

= 008(45° + 30°) T- sm(45° + 30°) 

V3-1 . V3 + l _ V3-1 
*" 2V2 • 2^2 ""^3 + 1 

(V3-l)a _ 4-2V3 _g ,^ 
(V3 + 1)(V3-1)'" 3-1 ""^ '^'^• 

(5) If sino^y, oosa=-^=-^. 
Ifsiii0=|-, cosiS--^; 
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(6) Ifcofla=|-, 8ina=-^- 

KcoBi8=-|-, Bin/3=^. 
o o 



^ '^^4545 20 

(7) If Bma = -5=|-, cosa=^. 

. ^( ^fk\ V3 1 1 1 V3-1 

(8) Ifcosa = -OS=^, sma = 



_ V899 
30' " 30 

If8iii/3:=i, cos3=^; 

'^ '^^ 30 2 30 2 60 



Examples— XXIX. (p. 88). 

(1) cos(90° + -4) = COS90'. cos-4 - sm90''. siii^ 

=0 . cos-4 - 1 . siiL4 = - sin^. 

(2) sin(180' + ^) = sml80^ cosil + cosl80'. sin^ 

=0 . cos-4 - 1 . %mA =3 - siiL4. 

(3) cos(7r + ^ = cosTT . cosd - sinTr . sind 

= - 1 . cos^ - . sind= - cosd. 

(4) sin ( ^+ dj =sm-^ • cos^+cos— • sind 

= - 1 . cosd + . Bin^= - cos^. 
D 



so KEY TO ELEMENTARY TRIGONOMETRY. 



(6) 






sin— • coBa + oos-x--siiia 



= =seca. 



1 .cosa + O.sina cosa 

//•\ i. / . \ Bm(7r + a) . cosa - 1 . sina -sina . 

(6) tan(7r + o) = — ; . ; = — = — -. — = =tana. 

^ ' ^ * cos^ff + a) -1. cosa- 0. sina -cosa 

(7) siii(2jr - ^ = sin2ir . cos^ - cosStt . sind 

=0 . cosd - 1 . 8m^= - sind. 

/o\ X /o /i\ 8in(27r-^) . cosd - 1 . sin^ -sin^ . ^ 

(8) M2^-^~^42;^° i.cog^.HO.gm< ?°l^°-*^^- 

(9) ^(^Xiff.e)^—^^-^^-^—^-^-^^-±^=. -nec0. 

(10) cosec(7r-^=-;-7 ^^- ^ — 7 — - — r-^=-T-2=cosec^. 

^ ' ^ ^ 6m{ir-6) 0.cos^-(-l.sm^ BinB 

EXAMPLBS — XXX. (p. 89). 

(1) sind-co8d=0. 

sin^ • —jx — cobB — 75=0 

sin^ . cob46* - cosd . siii45'* = ; 

/. Bin(^-46'')«0, .•. d-46''=0^or^=45r 

(2) 8ill^ + 008^«l 

sin^ . cos45* + cos^ . sin45'«— 75 5 

.•. 8in(^ + 46'')=8in45''; 
A ^ + 45''=45', or, ^=0°. 
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(3) sin^-cos^=^? 
Bind . ^^eos^._l.=^. 

/. sin(^-46")=8in60'; 
/. ^-45°=60°, or, ^=105°. 

(4) sin^ + cos^^^^"^^ 

sin(^ + 45°)=sin76°, whence ^=30°, or, 
oos(^ - 45°) = 00815", whence 6 = 60°, or, 
cos(45° - ^ =cosl5°, whence ^= - 30°. 

(5) 8ind + co8^=V2 
8m^.i2 + co8^.^=l 

sm(^ + 45°)=sm90°, or, ^=45°. 

(6) sin^-cos^=^^^:il 
. - 1 ^1 V3-1 

8m^.-^-C08^.-^==^ 

sin(^ - 46°) = sinl6°, whence = 60°. 



Examples — XXXI. (p. 92). 

(1) sin6^ + sm4^ = 2 sinM+M . cos ^^T^ = 2 8in5^ . cos^. 

(2) sin5^ - Bm3^ = 2cos5A+M . sin5^-lM = 2 cos4-4 . sinJ . 

(3) cos7^ + cos9d= 2008 *^^^^^ . cos ^^ ~ ^^ = 2cos8^ . cos^. 

(4) cosd - cos5^ = 2sin^i5^ . sin^^^ = 2 sin3d . sin2d. 
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/e\ • , ' A n -•-.<» + 4a 4a — o _ . 5a 3a 

(5) sina + sm4as=2 sin — - — cos — ^- =2 sin-^ • cos— • 

ta\ ^^K «««Q o«;«5** + 8« . 8a — 5a _ . 13a . 3a 

(6) cos5a - cos8a= 2sm — - — . sin — ^ — = 2 sin-^- • sin-^« 

A A ja A 

m 

(7) 2 8in5^ . cos7d=sin(5^ + 7^ - sin(7d - 5^ «Binl2^ - sin2^. 

(8) 2 sin3^ . sin5^ = cos(5^ - 3^) - C08(5d + 3^ = cos2^ - C068d. 

(9) 2 cosa . cos4a B00s(a + 4a) + cos(4a - a) =cos5a + cos3a. 

(10) 2 cosa . sin2a » sin(a + 2a) + sin(2a - a) =8in3a + sina. 

^ . A + B A-B . A^B 

,,,,sin^+sinB 2sin-^— cos-^ f^^-^ ^^^ 

(^^^cosJi+cos5= A+h — T^^—aTb^^-^' 

2098—5 — 'COS — g— C08--O — 

/■■gv cos^ - C0S3J. _ 2 8in2^ . sin^ _ sin2^ _ ^ . 
sm3-4 - sinJ. ~"2 cos2-4 . siiLi ""0082-4 "~ 

„ . 3^ A . ZA 

» e% A , ' A 2 sin-^j- • cos-^ siJa-TT o a 

.^QN sin2ii+smJ. 2 2 2 ^ 3^ 

^ ^ cos2 JL + cos4 ~ Z 53 J 3 JL 2 ' 

2 cos-^ • cos— cos-— 

(14) cos(30'*-^)-cos(30' + ^)=2sin30^sin^=2xA..sin^=sin^. 

A 

(15) cos^~ + d^ +cosf ■|--^]=2 cos-|- • cos^=2 x — .cos^s=cosd. 

(16) sinf^ + a j-sinf — -ajs=2cos— •sina=2x — •sina=sma. 

. o 2cos— r^-8in-=— cos— 5— j^o 

.^,^N sina - sing _ 2 2 _ 2 a + jS 

^ '^COS/S-COSa « . a + . a-/3 . a + jS"^ 2 

2 sin— g^ • sin ^"^~9^ 
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. ^ 2 cos-TT- • sin— 7p- sin— s^ ^ 

/,oN sma -sinp _ 2 2 2 a — p 

^ ^cosi3 + cosa""„ a + iS a-/3~ a-/3~" ~2~* 

2 cos— Q^ • cos— 5-^ cos— Q^ 

/,gN sin5^ + sinS^ _ 2 sin4fl . cos^ _ cos^ _ ,^ 
^ ^ cos3^-cos5^"2 sin4^ . sind~sing"' * 

^ 2 cos— 75-^ • cos— jT- cos— TT- s"i— 5-^ cot— ^ 
/OQN cosa + cos^ 2 2 2 , 2 2 



cosfi-cosa -,.a + ^ .a-fi .a + /3* a-/3 . a-fl 
2 sin-^ • sin-g^ sin-^— cos-g-^ \asy—~ 



ExAMFLiBS— XXXII. (p. 93), 

(1) 

8ino-cos^=sina-8mf^-^ - j3j=2 cos— U+^-lsYsin^^o-^ +3Y 

(2) 

sinf-^ + aj +cosf— -a j =sin( — + a\ +sino=2sin(-^ + a) • cos^- 

(3) sina + cosa = sina + sin ( — - a ) = 2 sin-^ • cos( a - — ) • 

(4) sina - cosa= sina - sin( ~ - a ) = 2 cos-^ • sin( a - -J j • 

(5) sin30** + COS8O** = sin30'' + sinlO** = 2 sin20". coslO^ 

(6) Sin20"-cos80**=sin20"-sinl0''=2cosl5^sin5^ 

(7) Sin— - + cos-^=8m-7- + sin-;r-=2sinTr: 'COS— • 

4 o 4 o yA 2A 

, (8)sm--coSg-=sm--siD-=2cos^.8m^. 
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Examples— XXXIII. (p. 96). 

sing sing sing . oosff + cosa . sinjS 

/j\ tang -f tan ff _ cosg ooaff _ cosa . cosff 

cota + cot/3 cosa cos/3 "" cosa » sinj3 + sing . cos3 * 

sing sin/3 sing . sin/S 

sing.sin^ ^ , >. 

«= B=tang . tanp. 

cofig . cosp 

sing sinff sina . cosff + cosa . sin)3 

^Qx tang 4- tanff cosa cosjS cosa . cosff 

cotg- tan j3~ cosg sinff cosg . cosff - sing . sinjS 

sing cos/S sing . cos^ 

sin (g + ^) .sing. cos/S ^ / . ^x ^ 

■= — / . cL 5=tan(g + 3) . tang. 

cofi(g + p) . cosg . cosp ^ ^* 

sing sinff sing . cos/3 - cosg . sin^ 
^«x tang - tan ff _ cosg co sjS cosg . cos/3 



cotg + tan/3 cosg smj3 cosg . cos/3 + sing . sin/3 
sing cos/3 sing . cos/3 



8m(g - 3) . sing . cosfl , , ^^ , 
cos(g - p) . cosg . cosp ^ ' 



. <^ + ^ . <^->^ 
sin— ^=- sin^^- — ^ 



f4^ tan^^-i-^ + tan-*^r-^ = — t— r+— ^^ — r 



cos^- cos 2 

Bin ^ g^ * cos ^ g + cos ^ o^ • sin ^ ^ - 

6 + ^ d)-Jr 
cos ^ ■- • cos^ 5-^ 

^V 2 ^ 2 / _ sin<^ ^ 2sin<^ 

1, .. ,v 1, ., ,. coscl) + cos^ 
-X (cos<^ + cosy) -5-(cos9 + cosy) ^ ^ 
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(7) (cofia+cos/3){l - C08(o+^)}=(cosa+ oos/3)(l - C0fla.C08^+sma.sin^) 
» cosa + cos^ - cos^a.co8/3 - co8a.cos^0 + siiia.sin/9.cosa + sina sin/S.cosjS 
= C08a(l - cos*^) + cos^(l - cofl^o) + sino . sin^ . cosa + sina . sin/3 . cofl/9 
^cosa.sin^/S + cos^.sm^a + sina. sin/3, cosa + sina.sin0.co80 
B sin0(cosa . sin/3) + sina(cos0 . sina) + 8ina(sin/3 . cosa) + sin0. (sina . C08/3) 
=s8in0 . (cosa. sin0 + sina. co80) + 8ina(co8/3. sina. + sin/3. cosa) 
Bi sin0 . sin(a + /3) + sina . sin(a + /3) 
» (sina + sin/3) . sin(a + /3). 



. /a + . a + 0\ . a + a + /3 a + /3 . a + i3 

sina + sinfl sina + sin/S ^ . a + /3 a-^ 

2sm— ^'Cos 



2-^2 



- a + a + /3 

2 008-^- <5^~Q^ 



- O-0 a-/3* 

2 coB-V^ cos- ^ 



(9) 



. /a + . a + /3\ . a + a + fl a + /3 . a + /3 

sm^^ -^ + -g '^j sin^^ . cos-^ + co8^^ . sin^^ 



sin(a + ffl . „ - 

sina - sin/3 sina - sin/S « a + fl . a-/3 

2 cos— 77^ • sin '^ 



2 ~ 2 



^ . a + /3 . a + /3 

2 8in-2^ sm-y= 

TTo— p . a-i3 

2 sm— jT- sin— -— 
2 2 
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(10) CO<>-— -^4.An»— ^- ^^ . ^ 



Sinl— rr^ + r tit 

- V 2 2 y sing gsina 

|(cos3-coB«) -|(cos/3-cosa) ^s^-cosa* 



„. a + i3 . a-fi 

(11) ta.^-tan--^.^!:i:_:ij: 



2 *-^2 
3 



Sin— — . coa—— — cos— ~- . sin — t: 



a+8 a-B 
COS — ~- • COS- 



2 ^^"^ 2 



_ 2 sing 



-^-(cosa + cosjS) -(cosa + cosiS) cosa + cosg 



2 sin^-— ' — ^ 



^ 2 

d3) cotfl-tan«=^-^''- <»s°.co83-gina.gma cos(a + S) 

sm/S coso cosa.sin^ -cosa.Mn^' 
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(16) tan'a- tan'|3-!^- •>-!J-?2^°?'''f-^*S^"'^ 

^ ' ^ 008^0 008-/3 008*0 . C08'*p 

(sino . oosff + 008a . sipjS) (sing . ooajS - ooaa . sipjS) 

8in(a + jS) .Bin(a-ff) ^ 
cos^a . ooB^'i^ 

/,«\ 1 i. X o 1 . Bina.sin^ oosa.oosiS + sina.sin^ oo8(a-i3) 

(16) l+taiia.taji3-l + ^^^^^^^^ O08a7oo8^~ "oSir^a/S' 

(17) 1 - tana . tang - 1 - !!gg^,co«<» ♦ OQ»g " «^na ■ ^^^» 

OOSa. 008/3 008a. 008P 

O08(a -f g) 
oosa . 008/3 ' 

cosa 8in/3 oosa . oos/9 -f sln a . ain/S 
/,QV cota + taD /3 aina coa/9 sing . coa/3 

tana + ootff "sino , coa/S ^ Bina . 8i n/3 -t-coag . oob/3 
ooaa ain/S ooaa . slug 

ooaa . 8in/9 



8ina . oos/3 



* cota. tan/9. 



ain'g _ ain^ 
c\u\ tan'g-tan' y coa'^x coa'-^i/ ain'a . oob'i/ - co s' ag . sin^y 
1 - tan'g . tan^y "* sin» ag . ain* ™oo8''a; . 008^y - Bia^x . ain'^y 

" ooa^ic . ooa'^ 
(aina? . coay -f coag . ainy) (sinac . ooai/ - coair , ainy) 
(coax . coay + ainx . ainy) (coax . ooay - ainx . ainy) 
_sin(» + V) ,in(x-y) 
O08(x-y).oo8(x + y) \ v* \ vi 

(20) -^(fM-) cos(0 + 45-) ««^-;^--i°^-72 ooa^-BJn^ 

008^ - 

ain^" oo t^-1 
- coa^ ootd + 1 ' 
Bind 
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^'1 ^^ 4 

•jfAJL^ijA^ cv« cjr>iy ocifiz . £:r:\f — S2r . ccfiy smjr — z, 

=2«»'45' — ^, -COS. 15* — J; 
=2eos'^-45'^ . an 45*+-^;. 

«2 cos'45'+^; . a»^45"-^) 
«2oo5;45'+^j . 8m:45'+^). 

(28) c<»(J+5)-sm(^-B)=8m'90"-^-^-8iii(^-^ 

=2 cc»(45* -^) . 8m(45' - A). 

/QQ. co«a + co«/9 oo8a + co8/3 



coiki-co8/3 - (co«/3 - cosa) 



- a+^ a — )3 
2 cos-g^ . cos-g- 

- . a+/3 . a-/3' 
2 Bm—7~ . sin '^ 



cot- 


2 


. a 
tan- 


-/3 



(30) »ec'72*-8ec36' 



2 2 — 2 

C0836" - C0872* 



C0872" C0836' COS72'. COS36' 
2 8m54*. sinlS* 



sinlS". 8in54' 



=2=sec60°. 
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(31) (sm81'* + sin9°)(sm81''-sm9°) 

= (2 sm45*. COS36") . (2 cos45". 8in36') 

= 2 • -^ • sin54°. 2 • -^- oos54* 

=2sm64°.cos54* 
=sinl08". 

. . cos3°-cos33° _ 2 sinlS". sinl5° 

^^^' sin3° + sin33° " 2 8inl8°. co^S** " ^^^ ' 

sin33° + sin3° _ 2 sinl8°. coslS^ o 

^' cos33'' + COBS'* "2 00318°. cosld^"" ' 

cos9° + sin9° _ sin81° + sin9° _ 2 sin45°. 00836° _ 
^^^ C0S9'' - sin9** " sin81° - sin9° " 2 cos45^ sm36'' " ^*^^ - *^^^ * 

cos27°-sm27° _ 8in63°~sin27° _ 2 cos45°. sml8° 
^^^^ cos27° + 8m27** "8m63° + 8m27° 2 sm45°. cosl8° ^^^® * 

(36) tan50" + cot50' = tanSO'* + tan40° 

8m50*. 00840** + cos50^ 8m40° sin90° 



0OS50". 00840** i{co890° + ooslO"} 

2 8in90** 2 



ooslO** ooslO' 



,=2 seolO". 



Examples— XXXIV. (p. 100). 

. . 2 cot4 2 oot J. 2 008 J. ... ^ . ^ . 

(1) l + oot^^==35^iH23 = liEZ" • sm2^=2oo3^.8m^=8m2A 

8in2J. cos J. _ 2 8mu4 . oos J. oosJ sinJ. 

^ ^ 1 + 0082-4 1 + 008-4"" 2cos'^J. ' l + cosJ.~r+cos3 

—3 ^-%- 

2 COB^-Q- 

c, 2^ 
A .A ^ COS^ 1+008^ ,^4008^2^ . 

(3) co8eo^ + ooU=^-j^+ iSl=-imZ"=7-ll 3=^°*T 

2 srn-g • cos— 
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(4) 
^ ,y._sm^ cos^ _8 m'^ + cos'^ _ 1 _ 2 _ 2 

""cosd sin^"~ 8m^.oos^ "" Bind . cos^ "~ 2sin^.oosd " sin2^* 

2^? 
/Rv 2tand cosd 2smd s/i o • ii ii • «>• 

1 + tailed sec'd cosd 



(6) 2co8<H52^=^-2'i^2^^^=oo8ec^.8ec^. 

2 

/ON 28ec2d coil? 2 2,^ 

(8) ^^ ^^ = , = ^^. . =7^ — <F7»=se<^. 



(9) 



sec2d 1 co82d+l 2(5085^ 

1— tanii 006L^-siiL<i coB'^-sin'^ l-2sin'^ 
1+tanui coSul + siiL^ (cosJ. + siiL^)' l + sin2^ 



(10) oot^-2oot2(9=^^-^5^ =^-£i?:^- 

_ co8'd--cos2^ _^ co8^d-2cos^d + l _ sin*^ =tand 



- 2sm'^ Bin-^ 

/,,\ i — 008a 21 2 . a 

(11; — : =8 = =tan-s~ ' 

sma a . a a a 2 



as) 



^-^=2 e(B»*-l=«i88^ 
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(14) 4^=|^^^«5g=UB2*. 

,,^. l[ws3a-\\ /A-C082o\ //l-l+28iii*o\ 

<^^) V (^]is^j=v (— ^— }=v ( — 2 — r^ 

^ ^ sinza zsma.oosa 

1 + oos28 2 C08^ 

. , . tan45*-f taiL^ _ l-t-taiL^ _c oeu<i+mLA 

(19)tMi(45 +^)-i.tan45'.taiui"l-taiL4*"^^-8iiL4 



(co8il-8iiL4)* l-8m2J[' 

(20) oot(45 -^)=tan(45--^)'" ten45- - tag" ^ 1 - tan^ 

1 + tan45MaiLil 
_ co6^+am^(ooBJL'f 8iiL4)* _l4-8m2.2i_^^^ . 

""ooaJ.-siiL^'" co8*-4.-sm*JL "" oo82il ~ 

(21) l±fH!? 1 1 1 2 1 1 « „ 

l-«- 2sm*^ 2«''2 + 2 «*2 

2 

4(eot*^+1.2c<.tf)=l(cot|-l)*. 
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(23) tan|.+ i.tan^.sec2|-=^ + ^ 

cos-^ 2 cos^ . cos^ 

B B 
2 cos^ . COS-5- • sin-^ + sin^ cos^ . sin^ + sind 

■* ^ ^^ ^ 

2 cosd , cos^-^ 2 cosd • ^^^^ 

8ind(cos^ + 1 ) sin^ . 2 cos^-^ 

-= j-= —J =tand. 

2 cos ^ . coa^— 2 cos^ . cos^ -^ 

r25^ l--tang(45°-J[) ^ cos^(45° - ^) - sm^(45° - A) 
^ ^ 1 + tan2(45'* - A) cos2(45° - ^) + sin5«(45° - A) 

X /t . >,\ . /tt a 1+tan^ 1-tan^ 

. /it a\ ^ /it a\ 1+tan^ 1-tan^ 

X + 2 tan^ + tan^^- 1 + 2 tan^- tan^^ 
** 1 + 2 tan^ + tan^^ + 1-2 tan^ + tan^^ 

4tan^ 2tan^ « . ^ ^ . «^ 

=2 + 2teii2^='rTteS?^==2 srnd . cos^=sm2a 



1. (1) 



Examples — XXXV. (p. 103). 

cos3^ - sin3^ _ 4 cos^^ - 3 cos^ - 3 sin^ + 4 sin^^ 
ain^ + cos^ "" sin^ + cos^ 

^ 4(8m3^ + cos^^) - 3(sm^ + cos^) , 

sin^ + cos^ ! 

= 4(sm2^ - sin^ . cos^ + cos^^) - 3 

= 1-4 sin^ . cos^= 1-2 sm2^. 
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^ l + tan^^ = ^^^g =2tand.cofl'^+coB^=sm2^+co8d. 

(3) tan4 + 2sin4coU=Bm4^ ~i:"*"^"^"2 ' SZ J 




1 006^ 

+ 



. , . cotA tanJ. 

^ ^cx)tui-cot3^"*"tan^-taii3^ 




tanJ. . tanii 

1 l-3tanU \^. taii^(3-tan'^) 

taiL4 taiL4(3-taiiM) ^^^^ l-3taii*^ 

1 1 



3-tan^J.~l + 3 tan^-i 1 - 3 tan' J. - 3 + tan^^ 

3-tan^J. 1-3 tan* J. 

3-tan«^ l-3tan2J. 



2(1 + tanU) "^ - 2(1 + tanM) 

3 - tan^ul - 1 + 3 tan^ J. 2 + 2tan2J. 



1. 



2(l + tan2^) 2(l+tanM) 

(5) cofi4J +C084B«2 cos2(J. +B) . cos2(^ - J5) 

=2.{l-2sm2(^ + B)}.{l-2sinV-^}. 

(6) tan(46V^-taii(45°-^==^"^^^-^"^^^ ^^^ 

^ ^ ^ '' I, ; l-tan^ 1 + tand l-taii2^ 

4sm^ 

cos^ 4 sin^ . cos ^ _ 2 8m2^ 2 sm^2^ 
° sin'^g " cos^^ - sin^^ " "co82^ ^cos2STsm2i^ 

^ 2(1 - cos^2^ 
"'co82d.sin2^ 

_J^ cos^2^ 

^ co82^ co82^ a Bec2^-cos2^ 
■" sln23 8iii2d 
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cos'^-sin'^ cos2^ 4cos2^ _ 4co82^ 

8cos2^ _ 8cos2^ 

(8) 

2 siiL^ .00S2J. s2 8iiL^(l - 2 sin^J.) s2 siiLii - 4 sinM ssinSJ. - siiLl. 

/Q\ cos^-^ - cos(w> + 2) JL _ 2 sm(n + 1) JL . sin JL . 4.1NJ 

' sm(ii + 2)J.-siiinJ.""2cos(?i + l)-4 .sinJ."" ^ ' 



(10) 

cos9^ + 3 cos7-4 + 3 cos5-4 + cos3-4 = cos9-4 + cos3 J. + 3(cos7il + cos5 J.) 

= 2 COS6-4 . cos3 J. + 6 cos6ii . cos J. 
= 2 cos6J.(cos3-4 + 3 qxh&A) 
= 2 cos6 J. . 4 cos' J. = 8 cos' J. . cos6^ . 



. . cosec2^ - cot2^ _ 1 - cos2 J. _ 2 sin' JL _ jj 
^ ' cosec2J. + cot2il""l + cos2-4~"2cos*J."" 



Bm'*-^- + cos^ - 2 sin-^ • cos-^- \ cos-^- - sin-^ J 



airt' J. /»/\a« .. v ain . aaq L nna a 

1-sin^ 



^ '' l + cos-4 - , cj «2 _ I IZ~ 

1 + 2003^^-1 2cos*-5- 

1(^°»Y"»^Y\ 1/ ^V 



COSg- 



)4('-"4)' 



.^. cos3^ - 2 cos J . . ^ _ 4 cos'J. - 3 cos J. - 2 cos J . sin^l 
'^ sin3 J. + 2 sin-4 3 sin-4 - 4 sin'Jl + 2 sin-4 cos J. 

^ 4cosM-3-2 2(2cos'J.-l)-3 2cos2^-3 
■^3-4sin2^ + 2 2(l-2sin2^) + 3'"2cos2^ + 3 
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(14) tan(460-^) + tan(460+^)-lr^+l±^ 

^ 2(1 + tan' J.) ^ 2 8ec'^ 2 ^^ . 

1— tan*-4~ (cos'J. - siii*-4)sec*J. cos'-l-sin^^ 

. a 

a ^¥ 

(15) cos2a + tan-^in2a«C082a + • 2 sina . cosa 

COB^ 

•'C082a+4 siu'^ • cosa-2 cos'a - 1 +4 sm^ • cosa 

9 

= 2 oosaf cosa + 2 sm'-|- j - 1 = 2 cosa . 1 - 1 = 2 cosa - 1 

2 . sin'-g- • cos— 
Bs cosa + cosa - 1 s cosa - 2 sin'— = cosa - 



2 a 

cos^ 



'COSa — tan—- . sina. 



(16) cotM-taii«^=> '^^-'y^^f = ('^'^-^«'°'f('^!^-'''^'-^) 

cos^-4. . sinM cos^J. . sin^-4 

_ cos' J. - sin'J. _ 4(cos'^.ii - sin' J.) 4 cob2 J. _ ^ .-., „ , 

cosM . sinM 4 cosM . sin^jl sin^2 J. 

/,H,\ i. A cosa sina cos'a-sin^a 

(17) coseca . cota - seca . tana =» -?-g o-= -r-s «- 

sin^a cos^a sin^a . cos^a 

4(cos'a-sin'a) 4(cos5a - sin'a) ^ o« / « . • v 

= . . o — 7719"^ = -^^ — ^-i-as ^ =4 cosec'2a . (cos'o - sin'^a). 

4 sin^a . cos^a 8in^2a ^ ^ 

/-i«\ 2« X 9 cos'a-sin'a 4(cos'a - sin'a) 4cos2a 

(18) cot'a-tan'a=a — = — :-5-=-t — § '-2-=-^-2S-* 

^ ^ cos^a . sin^a 4 cos^a . sin^a sm^2o 

. Q. % o2ft— _1_ 1 _ cos'6 - sm'6 _ 4(cos'6 ~ sin'^) 

^ ' " sin'6 cos'6 "~ sin'6 . co8^6 "" 4 sin^J , cos*6 

^ ' qoL =4cos26 . cosec'26. 
sin'26 

£ 
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.^^. 2 cosec2^ - secA 2 - secJ. . sin^ii 2 - 2 sinJ. _ 1 — sinJ. 
^ ' 2cosec2J. + secJ.'~2 + sec-4 .sin2J.~2 + 2siiLdL""l + siiL4 

. €tA , ^ ^ , A A / A . A\^ 

sin^ + cos^ + 2 sin— • cos-g- \c0s-5- + sin -5-/ 



l-tan|^* 
l+tan-g-j 



=cot2(45^+yj 



(21) sin(^ + d) - 8in( J - ^) =2 cosar . sin(|- + (9) 

=2 cos29r . cos^=:2 cos27r . sin(^ - $\ 

= Bin(^-^)-Bin(^ + ^V (Art. 122.) 

sin2^-cos2^ cos2^-sin2^ 2.cos2d 



(22) cotf-^ 



- co&d . Bind sind . cosd 8in2d 



=2cot2d. 



/cosa + smo\2 

/oo\ (coseca + seca)2 \sino . cosa/ . . xo , « . 

(23) ^ 2—; 2 ^"^ 1 ^=(cosa+suui)2=l + 2sma.cosa 



sin^a . cos^a 



(24) 



8=l+8in2a. 
tand tand 1 l-tan*d 



tan2d-tand 2tand , . 2 . l + tan^d 

-tand z — : — 57i-l 



l-tan^d 1-tan'^d 

«=cos2d-sin2d=cos2d. 



2taQd .^ 2tan6' 

.ggv tan2d . tand l-tan^d • l-tan^d 2 tand 



tan2d-tand 2 tand , >. 2 - l + tan^d 

— tan^ •= — ^T — 5>i— J. 



l-tan«d 1-tan 

2tand 



sec'^d 



=2 sind. COSTS' sin2d. 
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(Za) sin^g - sin^ff _ 8in(a + ff) . 8m(a - ff) 
sina.cosa— sin/S . cos/3 sina . cosa - siniS . cos^ 

(Ex. XXVII. 1.) 
2 ain(a + g) . siii(a-g) ^ 2 sm(a + g) . sin(a-/3) 
2 sina . cosa - 2 siii/3 . cos/S "" sin2a — 8iii2/3 

2sin(a + ffi sin(a-ffi 
2 cos(a + /3) . sm(a - 13) ^ f^^ 

(27) 4 sin^ . sin(60'' + u4).sm(60** - u4) - 4 8m^.(sin260* - sinU). 

(Ex. XXVII. 1.) 

«4 sin^ ^-|- - sin2u4 V 3 siiLi - 4 sins^ = sin3il. 

(28) C08ec2d + cot4d + cosec4^= ^4;^ + ^^ + -Ji-» 
^ ' 8m2d sm4^ sm4^ 

^ 2 C082^ + cofl4^ + 1 ^2 co82^ + 2 cos'2^ 1 + C082^ 
^ 2 8m2^.co82^ "^ 2 8in2^.cos2^ ^ Bm20 
2 cos'^ cos^ 



2 sind . cosd Bm6 



>cot^. 



2. (1) sin2d+V3.cos2^=l, 

/^3.cos2^=l-siii2^, 
3 . cos22^= 1-2 sin2^ + 8m22^, 
3-3 siii22^= 1 - 2 sin2^ + sm22^. 

Solving this quadratic, we obtain sin2d= - —, or, 1 ; 

/. 2^- - 30", or, 90° ; 
.-. ^= - 15", or, 46!, 

(2) Bin22^-sin2^-sin«-|., 

4sin2d.cos2d-sin2^«l-, 

4 sin^^ - 4 sin*^ - sin2^=-| • 
Solving this quadratic, we obtain Hm^$^-^, or, -7- ; 

.•.sm^--7^,or,^; 
/. 6=46% or, 30". 
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(3) anbx . coB2x^am9x . cos7x ; 
.*. sinSa; + si]i2x>Bsinl6a; + sm22B ; 

.*. 8in8xBsinl6a;, 

8in8x«B2 sinSx . cosSa;. 
Hence sin8a;=0, or^ 2 cos8x=l, 

Bm8x=0, or, cos8a5 =--- ; 
.-. a;«0°, or, 8a;=60°, and /. a;=7-^ . 

(4) 2sm23d + Bm26^=2, 

sin26^=:2(l-sm23d), 
4 sm«3^ . cos«3^=2 cos23^, 
2 sin3^ . cos3^s aJ2 cos3^. 

Hence cos3d=0, op, sin3^=-7o ; 

.-.3^=90^01,3^=45°; 
.-. ^=30% or, 15°. 



3 

(5) oos2il + Bin*ii = -j- 

l-2sin2^+sin2J=|-, 

8m*-4=--,and.*. sin-4 = ± — 
4 2 

Hence -4=30% or, 150% 



(6) cos3^ - cos5^a=sind, 
2 sin4d . sin^ = smB. 

Hence Bind=0, or, sin4^=— - ; 

.-. ^=0*, or, 4^=30** ; 

••. ^=0°, or, B=*7^. 

2 
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(7) 8m5d~cos3^«Bin^, 

sinSd - sin^=C083d, 
2 cos3^ . sin2dB008d^. 

Hence co83d=0, or, sm2d=-2- ; 

.-. 3^»90', or, 2d=30', 
.-. ^=30^ OP, ^=»15'. 

(8) taii2a«3tana, 
2 tana ^ . 

l-tan*a 

Hence tana = 0, and . *. a = 0% 
or, 2=3 -Stanza, 

tan*aB=Y> or, tana^-T^, or, a =30". 



(9) sin2^ + sin^=cos2d + cos^, 
2 sm-g- • COB 2-=2 cos Y • cos-^- • 

.\ cos-|-=0, or, 2-=90^ or, d=180'; 

. 3d 3a . 3a _ 3a .-g ^ __- 

or, sin-x-=cos-2 , or, tan-2-=l, or, -2--46^, or, d=30'. 



(10) sinTa - sina = sin3a, 

2 cos4a . sin3a=sin3a. 

Hence sinSa—O, or, 3a=a 0', or, a= 0° ) 

or, 3a=:180', or, a=60'')' 
or, 2cos4aB>l, or, 4a = 60**, or, a =15'. 

(11) cosec'd - 880^^=2 cosec'd-s-3, 

£??^-sec«d, or, cos»d-3 sin'd ; 

/. 4sin'd«l, or, sind— jjand ,\ d=30*. 
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(12) sm6d=sm4d-siii2d, 

2 sm4^ . cos2^=sm4^. 
Hence sm4^=0, or, 4^=0°, or, ^=0"*, 

or, 2cos2d=l, or, cos2^=-2-, or, d=30°. 



Examples— XXXVl. (p. io6). 

1. (1) sm36°=2 sml8^ cosl8'*=2 • ^^^ • V(10 + V5) 

2V(40 - 8V5) ^ V(10 - 2V5) 
■" 16 4 * 

'^ (2) cos36°=l-2sinn8»=l-2.(^^y=l-^^=?^ 

(3) sm54°=cos36'=iij5/?. 

(4) cos54°=sin36-=^^^&5^^^). 

(5) sin72°=cosl8°= V(l - smn8°) = ^^^^^ ^"^^^ - 

/«N. ^oo_sm72° _cosl8°_ V(10 + 2V5) . V5-1 _ V(10 + 2V5) 
W ^^^^ -cos72^'"sinl8**' 4 ' 4 "" V^-l ' 

(7) sm90''=sin(18° + 72°) =sml8'*. cos72° + cosl8^ sin72 

=sinl8°. sinl8° + cosl8°. cosl8° 
= (^V5-iy, / V(10 + V5)y 

6-2V5 + 10 + 2V5 ^16-^ 
16 16 

(8) cos90°=cos(18' + 72°) = cosl8°. cos72° - sml8°. sm72° 

=cosl8°. cos72° - cos72°. cosl8°=0. 
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2. sm(36'* + ^) + sm(72' - ^) - sinCSe** -A)- sm(72° + A) 
= {sin(36° + ^) - sin(36' - ^)} - {sm(72' + ^) - Bm(72'* - ^)} 
=2 cos36^ sin^ - 2 cos72°. sin^ 

=siii^{2coB36"-2cofl72^=8m^ | ^"^^"^^^ \ -sin^. 

Also, 

{8m(64" +A)+ Biii(54' - A)} - {sm(18' +A)+ sm(18° - A)} 
s 2 siii54^ coail - 2 sml8°. cos^ 

=co8^{2sm54"-2sml8^==cos^ 1^-^-^^^ | ^cosA. 



ExAMPLBfl— XXXVII (p. 1 10). 

(1) At 7-0 the cosine is greater than the sine, and both are positive ; 

A A . 

,'. C0S-2-+ sin-g «= +Ajl + 8uiAy 

A . A 



cos-g- - sin-g-™ + Vl - sinJ.. 

(2) At 150*' the cosine (negatiye) is greater than the sine (positiye) ; 

.*. cos— + sin— = - >,/l + sinJL, 
A . A 



COS-5- - 8in-3-= — a/1 ~ sinJ.. 



(3) COS189' + sinl89" = - Vl + sin378^ 



cosl89° - sinl89' = - ^1 - sin378° ; 

.•.003189-= 4. j^iT^i+^/riTp} 

" 2 ( 2 "*" 2 ) 
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and 8inl89»-i- { ^1 -^ - ^^1 +^ } 

(4) 2 sin9°. 44'. 30'=a/i +\-J\-1. 

^3 V 3 "" V3 ' 

.-. sin9'. 44'. 3(y=^:^. 



(5) cosl57^ Sty- -,, A + cos315° _ / 11^2= - . 7^2 + 1 

V^z—^ 5 — 



2 



Examples— XXXVIII. (p. in). 

(1) siiL4=:i.aiidBinB=:-i, 

6 

J 4 3 

co8-4=— and cosB=— - ; 

. . Sin (^ + B)=.y . y+-^ . -g ^gs'"! ; 

(2) taiU-^; taiLB=i-, 

tanSLB.^J^ 2 /^1\ 2i<_9^1. 
1- ton's 3 \ 9/ 3x8 4 ' 

1+1 

/. tW>4 4.9PN, tan^ + tanSB 7;4 . 

'^ l-tan4.tan2B ! T^T ' 



.•. ^ + 2JB-45*. 



^-t'4 
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(3) L§t siii^= -^ and coiB=3. 
Then tan-4 «— - and tanB"=-^ ; 

hi 

/. tan(-4+jB)=— 5— ^«1 ; 

.-.^+5=45^ 
that is sin-i-i- +cot-i3=45'. 

(4) Let Ay B, C, D be the four angles whose tangents are 

JL J. Jl 1. 
3' 6' 7' 8' 

Then tan{(-4 +F) + (C+ D)} 

^ tan(^ + .B) + tan(C+D) 

"■l-tan(J.+5).tan(C+I>) 



8 



1-1 1-1 l/'l 1 i- 1-1 1 
15 ^ 7 ' 8/ \ 16 7 ' 8 

3 1 

(5) Let cot-4 = -7- and cotB ■■ y . 

^ Thentan^«=-3 ancltaaB-7; 

i.+7 

.•.tan(.i+B)-i_--l5 

.-. -4+JB-135', or, cot-i4- + oot-»l-"136'. 

4 7 
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3 3 

(6) LettaiL4 = yandtaiLB«=y. 

Then tan(^ +5)= g'^^'ia » 

^"35 

.-. cot(^+JB)«j|, or, ^+5=cot-i^. 



(7) Let taiLi=xandtaxLB=i^. 

Thentan(^-^)=rrJ' 

l+xy 



(8) Let siiLi »a; and cos^ = x. 

Then cosJ. = Vl - a^ and sinB= Vl - a^ ; 

.*. -4+5=90^ OP, sin~ix+cos"ia;=90'*. 



(9) Let sinii=— , emB^j^, BmO=^; 

.*. C0S-4=— , C0glB=r7r, C0SC7=^r» 
O lo DO 

1!henmi{A+B + C)^am(A + B).cosC+coB{A + B).smC 

a= (sinii . cos5 + cos-4 . smB)^ + (cosii . cosB - sul4 . smB)^ 



~V5 * 13 6 ' 13/ *65 \5 ' 13 6 



^\16 
13/65 



63 63 16 16^4225^ 
65*65 65*65 4225 



.-. ^ + jB+C=90', or, sin-4 + sin-i:^ + sin-ii?=-^. 

O lo 00 2 
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(10) 



LettaiL4=-r-, and taitB—Tnr;:' 

rm. i, tA A T>\ tan44 - tanJB 
Then tan(4a - B) =t — 7 — ^ . ^ ■ „ 
^ ' l + tan42l.tanjB 



120 



119 239 



1 + 



120 



=1; 



119 239 
.-. 4ii-B=45^ or, ^tan-ii-tan-i^i^: 










EXATVTPT.Kfl— XXXTX. (p. 


120). 




(1) 


31651553 


(2) 


4-6843785 


(3) 


2-5324716 




4-7605855 




6-6650657 




3-6650657 




6-6879746 




3-8905196 




6-8905196 




2-6150026 
1-2187180 




3-4675284 
7-7074922 




•3156215 


2-4036784 


(4) 


2-483269 


(5) 


2-352678 


(6) 


5-349162 




3-742891 




5-428619 




3-624329 




4-740378 




2-924059 




3-724833 


(7) 


2-4596721 


(8) 


7-429683 


(9) 


9-2843617 




3 


■ 


6 


- 


7 




5-3790163 


40-578098 


62-9905319 



(10) 3 1 6-3725409 (11) 6 [ 14*432962 (12) 9 | 4-53627188 
2-1241803 3-738827 T-61514132 
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Examples— XL. (p. 123). 

1. log 128=log 27:^7 log 2=2-10'72100 

1000 
log 125=:log-g-=log 1000 - log 8=3 - log 2^ 

=3 - 3 log 2=3 - •90309000=2-0969100 

10000 
log 2500=log— j-=log 10000 - log 4=4 - 2 log 2 

=4 - •6020600=3-3979400. 

100 

2. log 50=log -2-=log 100-log 2=2- -3010300=1-6989700 

log •005=logy^=log 10-log 2-3= -log 2-2=3-6989700 
log 196=log (49 X 4) =2 log 7 + 2 log 2 = 2-2922560. * 

3. log6=log3 + log2=-7781513 
log 27=3 log 3=1-4313639 

log 64=log (27 X 2) =3 log 3 + log 2= 1-7323939 
log 676=log (9 X 64)=2 log 3 + 6 log 2=2*7604226. 

4. log 60=log (2 X 3 X 10) =log 2 + log 3 + log 10= 1-7781613 
log -03=log j|^=log 3- 2=-4771213 - 2='2-477l213 

105 21 

log 1-06 =log jQQ=log2^=l()g 3 + log 7 - log 2 - 1 = -0211893 

16 X 27 — 

log -0000432 = log j^^^^g^=4 log 2 + 3 log 3 - 7 = 5-6354839 

6. log-00076 = log76-6=log3+log25-6=log(Y)^ + log26-6 
-|-{ log 18- log 2 I +logl00-log4-6 

« i. I 1-2662726 - -3010300 | + 2 - -6020600 - 6 
= -4771213 - -6020600-3=4-8760613. 
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Log 3 1 • 5 = log (2 1 X 3 X 5) - 1 = log 2 1 + log 3 + 1 - log 2 - 1 
e=log 21 + -a\\^% 18 - log 2 j - log 2 
« 1-3222193 + -4771212 - '3010300 = 1-4983105. 



6. log2=log y=l -log 5 =-3010300. 

log -064=log ^^=6 log 2 - 3=6 - 6 log 6 - 3 = 2-8061800 
Iog{|^j"-~(601og2-201og5) 

=y ^30-301og5 - lOlogsj =y(30 - 27-958800o) 

= y ^2-041200o) = -2916000. 

7. log 6 = log Y = 1 - -3010300 = '6989700, 

log -126=log ^-|^=31og5- 3 = 2-0969100-3=1-0969100 

log(p)^-log 5^ - log 2"= log 5« - log 2^ 

= 6 log 6 - |-log2=6(log 10-log2) -- |log2 
= 4-1938200 - -8027467 = 3-3910733. 

a •01=5^5=4-10-0 

1=10^ r"'* *^® logarithms are-2, 0, 2 ; 



8 
>8 



100=102 
•01 =(-01)^ 

the logarithms are 1, 0, - 1« 



•01 =(-01)1 .. 

l=(-01)o I . 

100-:^= (-Ol)-!)" 
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9. 1593 is greater than 10^ and less than 10^ ; characteristic 3. 
1593 is greater than 12^ and less than 12^ ; characteristic 2. 



10. ~=8;|^=2»;2^-2»;2y-3. 
Hence y =a Y ^"^d *— "o" • 



11. (a)log2=ilog4=-3010300, 

log 25=log 100-log 4=2 - •6020600=1-3979400 
log83-2=log(80 X l-04)=|-log4+logl0 + logl-04 
= -9030900 + 1 + "0170333 =1*9201233 
log (-625)1^ =jj^j log625-log lOOo} =ji^{ 21og25-3 | 

"l50 1 21ogl00-.21og4-3 I =j~ I 4-l-2041200l3 | 
= - -0020412 =1-9979588. 

(6) log (l-04)<'«»=60001og 1-04=6000 X -0170333 

=102*1998000 ; .*. number of digits is 103. 

12. (a) log 5 =-|-log 26 =-6989700 

Iog4=2-log25 = -6020600 
log51-5=log6 + log 10-3=-6989700 + 1-0128372=1-7118072 

log(-064)^=jj5 { log 64-log 1000 j =jjg j 31og4-3 j 

=ji^ I 1-8061800 - 3 I = - -0119382 = 1-9880618. 

(6) log (l-03)«»=6001og 1-03=600 X -0128372 

— 7*7023200 ; .'. number of digits is 8. 
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13. log 7623 =log (9 x 121 x 7) = 2 log 3 + 2 log 1 1 + log 7 

» -9542426 + 2*0827854 + "8450980 » 3*8821260 

77 
log gQ^=log 7 + log 11 - log 3 - log 100 

-" -8450980 + 1*0413927 - '4771213 - 2 -1*4093694 

logg3g-"log3-logll-21og7 

-•4771213 - 1*0413927 - 1*6901960=3*7465326. 

14. (1) a;log4096»log8-a;log64 

4x log 8alog 8 - 2x log 8 

4a;«=l-5to; 6xal; x^-^-' 

o 

(2) (2*5)«- 6-25 -(2-6)3; .'. a;»2. 

(3) {aby^m ; x log (ab) —log m ; 

logm 



.". X-' 



log a + log 6 



(4) x{m log a + 2 log h) —log c ; 

__JO£C__ 

mloga + 21og& 



• . X** 



(6) Zx log a + (4 - a;)log 6 - (2a; - l)log 

x{3 log a- log 6 - 2 log c) — - 4 log 6— log c ; 
41og6+logc 
" ™21ogc+log6-31oga* 

(6) a:(loga+mlog6)— logo- 3aj logo 

a;(log a + m log 6 + 3 log c) — log c ; 

. J., logo 

log a+mlog 6 + 3 logc' 
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Examples— XLL (p. 127). 

(1) log626030«5-'7201841 
log 625020=57201758 

Difference for 10- '0000083 

.-. 10 : 5 ='0000083 : what we must add ; 
.'. we must add '0000041 ; 
.'. log 52502-5 =4'7201799. 

(2) log 300430=5-4777433 
log 300420= 5-4777288 

Diffeience for 10= '0000145 

.'. 10 : 5 ='0000145 : what we must add ; 
.'. we must add '0000072 ; 
.'. log 300-425=2-4777360. 

(3) log 32026000= 7-5055027 
log 32025000= 7-5054891 

Difference for 1000= '0000136 

. 1000 ; 613= -0000136 : what we must add ; 

.'. we must add '0000083 ; 

.'. log 32-025613= 1-5054974.' 

(4) log 236610=5-3740331 
log 236600=5-3740147 

Difference for 10= '0000184 

.\ 10 : 1= '0000184 : what we most add ; 
.'. we must add '0000018 ; 
.'. log 236'601 =2-3740165. 
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(6) log 675030 » 5-8293231 

log 675020 « 5-8293166 

I)ifference for 10» -0000065 
.-. 10 : 1— -0000065 : what we muBt add ; 
.*. we must add '0000007 (see end of Art. 162) ; 
.-. log 67-5021 « 1-8293173. 

(6) log 7333600=6-8653172 
log 7333500»6-8653113 

Difference for 100= -0000059 
.-. 100 ; 33=-0000059 : what we must add ; 
.*. we must add -0000019 ; 
.-. log •007333533=3-8653132. 

(7) log 6593200 =68190962 
log 6593100 = 6-8190897 

Difference for 100= '0000065 
/. 100 : 71 =-0000065 : what we must add ; 
.-. we must add '0000046 ; 

.'. log '000006593171=6-8190943. 

(8) log 340780= 6-5324741 
log 340770=5-5324614 

Difference for 10= -0000127 
.'. 10 : 8='0000127 : what we must add ; 
.'. we must add -0000102 ; 
.'. Iog3407'78=3'5324716. 

(9) log 390980=5-5921545 
log390970=5'5921434 

Difference for 10= '0000111 

.-. 10 : 4= -0000111 : what we must add ; 

.'. we must add '0000044 ; 

.'. log 390974=5'6921478. 

F 
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(lOy log 2582000= 6-4119662 

log 2581900=6*4119394 

Difference for 100= "0000168 
/. 100: 26:=- 0000168: what we must add; 
.*. we must add '0000044 ; 
/. log2'581926='4119438. 



Examples— XLII. (p. 129}. 

(1) log 12955=41124374 

log 12954=4-1124039 

Difference for 1= -0000335 
/. '0000335 : '0000271=1 : what has to be added ; 
.*. we must add '8 ; 
.-. 4-112431 is the logarithm of 12954*8. 



(2) log 46246 = 4-6650742 

log 46245=4-6650648 

Difference for 1= '0000094 
.'. '0000094: '0000009=1: what has to be added; 
.'. we must add *095 ; 
.'. 3'6650657 is the logarithm of 4624*5095. 



(3) log 34573 = 4*5387371 

log 34572=4*5387245 

Difference for 1= '0000126 
.'. -0000126 : 0000114=1 : what we must add ; 
.'. we must add '9047 . . ., or, '91 ; 
/. 2*5387359 is the logarithm of 345*7291. 
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(4) log 39376 » 4*696231 6 
log 39375 » 4-5952206 

DiflFerencefopl= "OOOOllO 
/. -OOOOllO : -0000076=1 : what we must add ; 
.*. we 'must add -69 ; 
.-; 5-5952282 is the logarithm of 3937569. 

(5) log 37160=4-5700767 
log 37159=4-5700640 

Difference for 1= -0000117 
/. -0000117 : -0000062=1 : what we must add ; 
.*. we must add *529, or, -53 ; 
.-. 3-6700702 is the logarithm of 3715-953. 

(6) log 96462 = 4-9843563 
log 96461 =4-9843518 

Difference for 1 = -0000045 
.-. -0000045 : '0000024=1 : what we must add ; 
.*. we must add '5$ ; 
.-. 3-9843642 is the logarithm of '00964615$. 

(7) log 25726=4-4103723 
log 25725=4-4103554 

Difference for 1= -0000169 
.'. -0000169 : -0000166=1 : what must be added ; 

.'. we must add '982 ; 
.-. 7-4103720 is the logarithm of '00000025725982. 

(8) log 60196=4-7795604 
log 60195= 4-7795532 

Difference for 1 = -0000072 
.'. -0000072 : '0000029=1 : what must be added 
.'. we must add '4027, or, '403 ; 
.'. 2-7795561 is the logarithm of 601-95403. 
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(9) log 10906=4-0376655 

logl0905«4-0376257 

Diflference for 1 = '0000398 
/. -0000398 : -0000114=1 : what must be added ; 
.-. we must add '286 ; 
.-. 3-0376371 is the logarithm of 10905286. 



(10) log 26202 =4-4183344 

log 26201 =4-4183179 

Diflference for 1= -0000165 
.-. -0000165 : -0000135=1 : what must be added ; 
.'. we must add '818 ; 
.-. 2-4183314 is the logarithm of 262-01818. 



Examples— XLIII. (p. 132). 

(1) sin42M6' = -6725821 

siii42M5'= -6723668 

Difference for 1'= '0002153 
.-. 60" : 16"= -0002153 : what we must add; 
.'. we must add '0000574 ; 
.-. Bin42M5'. 16"= '6724242. 



(2) Bin72M5'= '9523958 

Bin72M4'= '9523071 

Difference for 1'= '0000887 
,'. GO" : 6"='0000887 : what we must add ; 
.-. we must add '0000088 ; 
.'. 8in72M4', 6"= -9523159. 
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(3) Bin54'. 36' = -8151278 

8m54^35'« '8149593 

Difference for 1'^= •0001685 
/. 6(r 145"= -0001685 : what we must add; 
.-. we must add '0001263 ; 
.'. sm54°. 36'. 45''« '8150856. 

(4) Bin8V. 27' = '9990098 

8m87°. 26'= -9989968 

Difference for ^='0000130 
.-. 60^ : IS''™ '0000130 : what we must add; 
.-. we must add '0000032 ; 
.'. sin87". 26'. 15"= '9990000. 

(5) Bin43M5' ='6851830 

8in43'. 14' ='6849711 

Difference for 1'= '0002119 
.'. 60^ : 20^= '0002119 : what we must add; 
.'. we must add '0000706 ; 
.-. sin43°. 14'. 20*= -6850417. 

(6) oos4lM3'= -7522233 
cos41'. 14'= '7520316 

Difference for 1'= '0001917 
.'. 60*^ : 26''= '0601917 : what we must tubtrad; 
.'. we must subtract -0000830 ; 
.'. C0S41M3'. 26"= '7521403. 

(7) tanl*. 23'= '0241484 
tanl°.22'= '0238573 

Difference for 1'= '000291 1 
.•. 60": 30"= '0002911 : what we must add; 
,\ we must add -0001455 ; 
.'. tanl°. 22^.30"= -0240028. 
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(8) cot35^6'=l•4228561 

cot35^ 7'= 1-4219766 



Difference for r= -0008795 

.-. 60" : 23"= -0008796 : what we must subtract ; 

.*. we must subtract '0003371 ; 

.-. cot35°. 6'. 23"= 1-4225190. 



(9) sm67°. 23'= -9230984 

sm67°. 22'= -9229865 

Difference for 1'= '0001119 

.-. 60" :48"-5 = -0001119 : what we must cM; 

.-. we must add -0000904 ; 

.-. sin67°. 22'. 48"-5= -9230769. 

(10) cos34°. 12'=-8270806 

cos34M3'= -8269170 

Difference for 1'= '0001636 

.•. 60" : 19"-6= -0001636 : what we must subtract; 
.'. we must subtract '0000534 ; 
.-. cos34°. 12'. 19"'6 = '8270272. 



Examples— XLIV. (p. 135). 

(1) sin48". 47'= -7522233 

sin48°. 46' =-7520316 



Difference for 1'= -0001917 

.-. -0001917 : -0001084=60" : what we must add to 48°. 46' ; 

•'. we must add 34" ; 
.-. the angle is 48°. 46'. 34". 
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(2) 0082*. 33"- -9990098 

cos2°. 34'- -9989968 

Differenoe for r- -0000130 
.*. -0000130 : -0000098-60^ : what we must add to 2' 33' ; 

.*. we must add 46'' ; 
.-. the angle is 2^ 33'. 46^ 

(3) ' Bin43M5'- -6851830 

Bm43^ 14'- -6849711 

Difference for 1'- -0002119 
.-. -0002119 : -0000289-60* : what we must add to 43^ 14' ; 

.'. we must add 8'''18 ; 
.'. the angle is 43^ 14'. 8''-18. 

(4) C0B32". 31'- -8432351 

COB32'. 32' - -8430787 

Difference for 1'- -0001564 
.-. -0001564 : -0000351-60" : what we must add to 32^ 31' ; 
.-. we must add 13''-46, or, approximately, 13''-5 ; 
.-. the angle is 32^ 31'. 13^-5. 

(5) 8in24M2'- -4099230 

sin24Ml'- -4096577 

Difference for 1'- -0002653 
.-. -0002653 : -0000982 « 60" : what we must add to 24°. 11' ; 

.*. we must add 22"-2 ; 
.-. the angle is 24". 11'. 22"-2. 

(6) Bec82'. 23'- 7552169 

sec82^ 22'- 7-528249 

Difference for 1'- -023920 
.-. -023920 : -005084-60" : what we must add to 82'. 22' ; 
.-. we must add 12"*8 nearly ; 
.'. the angle is 82^ 22'. 12"'8. 
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(7) cos53°.r=-6001876 
COS63'. 8^ = -6999549 

Difference for 1'= -0002327 
.-. -0002327 : -0001876=60" : what we must add to 53". 7' ; 
.-. we must add 48"*4 nearly ; 
.-. the angle is 53'. 7'. 48"-4. 

(8) C0Bec25'. 3'= 2-36179 
cosec25^ 4^= 2-36029 

Difference for r= '00150 
.-. -00150 : -00068=60" : what we must add to 25°. 3' ; 
.-. we must add 27"-2 ; 
.-. the angle is 25". 3'. 27"-2. 

(9) 8in73^ 45'= -9600499 
8in73'.44'=-9599684 

Difference for 1'= -0000815 
.-. -0000815 : -0000316=60" : what we must add to 73*. 44' ; 

.-. we must add 23"-2 ; 
.-. the angle is 73°.44'. 23"-2. 

(10) tan77°. 20'=4-44942 

tan77°. 19' =4-44338 

Difference for 1'= -00604 
.-. -00604 : 00106=60" : what we must add to 77". 19' ; 

.*. we must add 10"'5 ; 
.-. the angle is 77°. 19'. 10"-5. 



ExAMPLBs — ^XLV. (p. 138), 

(1) X sin55°. 34'=9-9163406 

L sin55°. 33'= 9-9162539 

Difference for 1'= -0000867 
.-. 60" : 54"= -0000867 : what we have to add ; 
.-. we must add -0000780 ; 
.-. L sin55°. 33'. 54" =9-9 163319. 
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(2) L sm29^ 26'- 0*6914445 
L Bm20^ 26'» 9'6912205 

Difference for 1'- '0002240 
:•. 60" : 2^- -0002240 : what we hare to add ; 
.-. we must add -0000076 ; 
/. L Bm29^ 25'. 2"-9'6912280. 

(3) L 00837^ 28'-9'8996604 
L COS37'. 29'-9-8995636 

Difference for 1'- '0000968 
.'. 60"' : 36'' » '0000968 : what we have to subtract ; 
.'. we must subtract '0000581 ; 
.'. L COS37'. 28'. 36^-9-8996023. 

(4) L sin54'. 14'«9.909237l 
X8in54M3'»9'9091461 

Difference for 1'- '0000910 
.-. 60" : 19"= '0000910 : what we hare to add ; 
.'. we must add '0000288 ; 
.'. X8in54°. 13'. 19"-:9'9091749. 

(5) L tan27°. 43'-9'7204769 
L tan27'. 42'-:9'7201690 

Difference for 1'- '0003069 
.'. 60" : 34"- '0003069 : what we have to add ; 
.*. we must add '0001739 ; 
.'. Xtan27".42'.34"-9-7203429. 

(6) L tan5^ 14'- 8*9618659 
Xtan6M3'- 8 -9604728 

Difference for 1'- '0013931 
.-. 60" : 23"- -0013931 : what we have to add ; 
.'. we must add '0005340 ; 
.'. L tan5°. 13'. 23"-8'9610068. 
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(7) L cot3°. 37'= 11-1992368 
L cot3^ 38'= 11-1972347 

DiflTerence for 1'= -0020021 
.-. 60* : 50"= -0020021 : what we have to subtract ; 
/. we must subtract '0016684 ; 
.-. L cot3°. 37'. 50"= 11-1975684. 

(8) L sin39°. 26'= 9*8028968 
L sm39°. 25'= 9-8027431 

DiflTerence for 1'= -0001537 
.-. 60" : 10"= -0001537 : what we have to add ; 
.-. we must add '0000256 ; 
.-. isiii39°.25'. 10"=9-8027687. 

(9) L sm70°. 35'= 9-9745697 
L sm70°. 34'= 9-9745252 

Difference for 1'= '0000445 
.-. 60" : 17"= -0000445 : what we must add ; 
.-. we must add '0000126 ; 
.-. L sin70". 34'. 17"= 9*9745378. 

(10) L cos88°. 54'= 8*2832434 

L cos88°. 55'= 8-2766136 

Difference for 1'= '0066298 

.-. 60" : 16"= -0066298 : what we must subtract ; 

.-. we must subtract '0017679 ; 

.'. icos88°.54'. 16"= 8-2814755. 



Examples— XLVI. (p. 140). 

(1) L sinl4". 25'= 9-3961499 

L sinl4°. 24' =9-3956581 

Difference for 1'= -0004918 

.-. -0004918 : -0002868=60° : what we have to add ; 

.-. we must add 35" nearly ; 

.-. the angle is 14°. 24'. 35". 
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(2) L sin54^ 14'»9'9092371 
L sin64^ 13'»9'9091461 

Diflferenoe for r« -0000910 
.-. 0000910 : '0000299=60^ : what we have to add ; 

.'. we must add 19'' ; 
.-. the angle is 64^ 13'. 19". 

(3) L sin7l'. 41'=9-9774191 
ism7r.40'«»9-9773772 

Difference for 1'= '0000419 

.'. '0000419 : •0000125=60" : what we must add ; 

.*. we must add 18" nearly ; 

.-. the angle is 7r. 40M8''. 

(4) L cos29^ 25'»9'9400535 
L cos29°. 26'=9-9399823 

Difference for r= '0000712 

.'. '0000712 : •0000023=60'' : what we must add ; 

.'. we must add 2" nearly ; 

.'. the angle is 29°. 25'. 2". 

(6) L tan30°. 51'= 9*7761947 

itan30°. 50'=9-7759077 

Difference for 1'= '0002870 

.'. -0002870: •0001320=60': what we must add ; 

.'. we must add 27"*6 nearly ; 

.'. the angle is 30'. 60'. 27''-6. 

(6) L cot86°. 32'= 8-7823199 

Xcot86".33'=8-7802218 

Difference for 1'= -0020981 

.-. -0020981 : -0008556=60" : what we must add ; 

.'. we must add 24"-5 nearly ; 

.'. the angle is 86'. 32'. 24"-6. 
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(7) L siii24°. 9'=9-6118580 
L8in24°.8'=9-6115762 

Difference for 1'= -0002818 
.*. -0002818 : '0002114=60^ : what we must add ; 
.-. we must add 45" ; 
.-. the angle is 24°. 8'. 46". 

(8) L tanll". 40'= 9-3148851 
L tajolV. 39' =9-3142468 

Difference for 1'= -0006383 

.-. -0006383 : -0005543=60" : what we must add ; 

.- we must add 52" ; 

.-. the angle is ir. 39'. 52". 

(9) L cosec46^ 23'= 10-1402787 
L C08ec46". 24'= 10-1401584 

Difference for 1'= -0001203 

.-. -0001203 : -0000220=60" : what we must add ; 

.-. we must add 11" nearly ; 

.-. the angle is 46^ 23'. 11". 

(10) L sec29". 55' = 10-0621053 

L 8ec29". 54'= 10-0620326 

Difference for 1'= -0000727 
.-. '0000727 : '0000359=60" : what we must add ; 
.-. we must add 29"-6 nearly ; 
.-. the angle is 29°. 54'. 29"-6. 

Examples— XLVIL (p. 149). 

(1) sin(il + J5) =Bin(180" - C) -sinC. 

(2) cos(JL+^=coB(180*-C)--cosa 

(3) sin^^=sin(90^-^)=cos5. 
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(4) cos— 2 — =cos(^90 — 2-j=sin^ 

(5) tan^^^^ =tan(90' - y) = coty « 

(6) cotA+A=cot(90«-|)=tan| 



Examples— XL VIII. (p. 150). 

1. (1) sin2^ + sin2jB + siii2(7= 2 sm(^ + B) . coa(A - B) + sinSC 

«2 sinO. cos(J. -5) + 2 amC. oosO 
=2 sinO . {cos(^ - 5) + coaO} 
=2 sinC{cos(^ -B)- coa(A + £)} 
«=2 sin(7 . (2 sin-l . sulB) 
»4 siiLl . sinjB . sinC 

(2) sin(-^+JB + (7) + sm(-4-5+C) + sm(^ + 5-0) 

=2 sinC. cos(-4 -5) + sin(-4 +5) . cosC- cos(JL + 5) . sinO 

=2 sinC cos(-l - 5) + sin(7 . cos(7+ cosC . sin(7 

=2 BinO . {cos(-4 - 5) + cosC} 

=2 sinO . {cos(^ -B)- cog(^ + 5)} 

b4 sinA . sinjB . sin(7. 



A , C . A G 
cos-g- • sin— + sin-g- • cos-^ 

.^^ .G 7a To . M 

coW + cot-g- sin— • sin-^ sm 



fA_^G\ . B 



^^^ "ITTT^ FTT~rB d^\ TB c\ . ^ 

COtr^ + COtrg- COS y • SlHy + Siny • COSy sin( — + — j • SlH-g 



. B , C 

sm-.smg. 

cos^.sm- 2cos^.sin.^ ^.^^ 

-4 . -4 .4,-4 sin-4 

cos Y • smY 2 oosy • srn-^ 
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(4) taii(^+5 + C5=tanl80^=0; 

tan^ + taiLB + tan(7- taiL4 . tauB . tanC 



=0; 



1 - taiui . tanB - taiLfi . tanC- tanC . taoL^ 
/. tanJ.+taiLB+tanC7-taiL4.taiLB.taii(7=0; 
.'. taiLi. + ta]LB+tan(7=taiiJ..taiLB.tan(7. 

(5) As in Example (4), 

taiLil+taiLB+taiiCstaiiJ .taiLB.tanO, 
and dividing both sides by tan^l . taaB . tan(7, 

• cotB . cotO+ cotJL . cot(7+ cot4 . cotB= 1. 



A , B . A B C 

(6) cotg +cot2 +cot^= -3— HB •*— ?• 

sm-g • Bin-g- sin-g 



. [AB\ G 

.A . B'^~^ 

sinysiny sin-g- 



=cos-s-^ • -^ • -o • > 
2|sm^.sm~ sin- ^ 




smy + sinyBin— 
~A Tb T^ 

COSr-::r + -;r 



/^^P\^ .A , B\ 

sui-:r- • sin-^ • sin-r- I 
2 2 2 / 



CAB 
cos-. . cos^ . cos^ 

=-ir— g— = ^* 2 • ^* 2 • ^^ V 

sin— . sin— . sin— 
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(7) 

1 + COS2-4 + G0&2B + cos20= 1 + (2 cos* J. -l) + 2cos(5+C).co8(JB-C) 

=2 cos* J. - 2 cos-4 . coa{B-C) 

- -2 cos-4 . {cos(jB+ 0) + cos(JB-C)} 

s - 2 cos JL . 2 cosf . cos C7= - 4 cos^ . cobB . cos C, 



(8) coSil + cosB + cosO=2cost^i:?.oos'^^^ + l-2sm^ 
= 2 sm — . cos — g-T- - 2 sin' Y + 1 



,2smY|cos-2 cos^-J 



+ 1 



^2 sin-^ • 2 sm-5- • sin-^- + 1=4 sin ^ • sin-g • sin-^ + 1. 



(9) -sin2^+sin2jB+sin2(7=2sin(jB + 0).cos(5-C)-2suL4.cos^ 

=2 sul4 . {cos(jB -C)- coaA} 

= 2 sul4 . {cos(jB - (7) + cos(5 + C)} 

=4 sinJ. . GOsB . cosC 

(10) sinil + sinB - sina=2 sbA-'^-^ . cos^^^ - 2 sin-^ • cos-^ 

=2cos^. |cofl— ^ ««^-l 

^z COB-—- • 2 sin-r- • sin-r- 
2 2 2 

. . ^ . B 
=4 Sin— . sin-g- • cos— • 

(1 1) sin2^ + sm2B - sin2C= 2 sin(^ + B) . cos(-4 - B) - 2 sinC. cosC 

= 2 sinC. {cos(^ - B) - cosQ 

=2 sinC. {cos(JL - B) + cos(^ + B)} 

B=4 sinC cos^ . cosB. 
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(12) cosii + cos5 - cos(7= 2cos^-±^ . cos^^V^ - f 1 - 2 sin' 

=2 sin—- . cos — 5— + 2 sin-^ • cos — ^ 1 

= 2sm— . < cos— r + COS — 2 — > -1 

. . -4 5 , 
=4 sin-— . COS-5- • cos-g - 1. 

(13) cos2:^ + cos2^ + cos2^=-i- 1 cos^ + 1 + cosB + 1 + cos(7+ 1 1 

-=i . j cos-4 + cosjB + cosC+3 > 

ass— • J 4 sin-5- • sin-^ • sin-^ + 1 + 3 | , as in Ex. 8. 

o _L o «:„-4. . B . C 
=2 + 2 Sin-—- . sin-rr- • sm-;r • 
2 2 2 

(14) sin24 + sin2^ + sin2^=i.. | 1 -cos^ + 1 -cosB + 1 - cosO [ 

^-^ • ] 3-4 sin-g- • sin— • sin-^ - 1 > , as in Ex. 8. 

^ ^ , A . B . 

■=1-2 sin-g^ • sin-g- • sin-g- • 



2. 

- . , 2cos^ COS-TT J, 

n\^ + c .A, A COSJ. + I 2 2 .A 

(!) =.cotA + coseoA=^^j-=—^ -^_j=cot-. 

2 sm— • cos-g sin-g- 



m 2 cosec2^ . cotB ?-^ co8.B_ 2 cos^ 

^ ' sin2J. ' sinJ? 2 siiL4 . cosJ. . sulB 

cos-g _ 1 _ <^' 

'^cosB . sinJB . siiLB"~sin*JB"" h^ 
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(3) 2Bin4-l-co8B-l--=^-=^; 



-«^l-\/(^) 



(4) 2oos«|— l + C08B-l + ^«^"*"' 



2 CO 






•^lm 



. . C0S2.B ~ cos2il _ cos^-g - sin'.B — cos'^ + sin' J . 
^ ^ sm2J. " 2siiiJ..coaii 



sin'JL - sm«J5 - sin'B + sin«^ 2 sinU - 2 sin^JB 



2 siiLi . cosJ. 2siiLi . cos^ 

sinJ. sinB ^ . , „ 



2 tan^ 1 

(6)tan2^-8ec2B-i_^,^-^25.^i^ 

2a& c^ 2a6 + c^ 

2a& + (i' + 6' 6 + a 



(7) (siiLl - sinB)' + (cos^ + cosB)> 

Bsin'JL — 2 sin^ . sinB + sin*5 + cos'JL + 2 cos-4 . cosl^ + cos'J5 
»i2+ 2(co6ji . cobB- siiL^ . sinB) 

-2+ 2o<»(-4 + J5)=2- 2co8C=4sm«-2 ' 



(8) 8~2^"*cos«^ -8m-^-pr^=6ff::r«' 

a 
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(9) a..co.4+6».oo8B-.a4+*'~=^^^^^^-— =«^ 
^ ' c c c c 

(10) 

siiLil . sinB + sIilB . sinJ. 



siiLD . smB—smA . sinJ. 
2a& 2taiiJ. 2ab 2(ib 



W^^ 1-tanU h^-a^ h^-a^ 



=0. 



o /i\ sinJ. - sinB c c (a— &)sinO sinO 

a- 6 a—o (a-6)c c 

^ ' sinC ™ smC.sinC sin^O c* 



.^» g.BinO asmO fl.sinO _ c.8inJ. _ . 

^ ' 6-acosO**acosC+ccosJ.-acosC'*c.cosJ.'~c.cosJ.~ 

,.v T> i.T> c cosJB c-a. cosjB 

^ '^ a a. sum sin^ a.siiLD 

&oos^+acos£— acoeiB hco&A . . 
a sum osuL/l 

(5) a + 6 + c— (6 cosO+ cco&B) + (acosO+ ccos-4) + (acosB + 6coa-4) 
■= (a + &)cosC + (a + c)co8J5 + (6 + c)cos-4. 

2 sm — ?: — • cos — 7: — cos- 



,,, a + 6 sin^ + sinB -— 2 ^2 ^ 2 

w "X"^ — iso rn? — 5 — ^~7U 

2 sm— . cosy smj 

... .0 ^-B 

.'. (d + 6) . sin-o- ™c • <50S — 5 — • 



9 
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„ A+B . A-B . A-B 

2 cos — 7z — sin — ;; — sin- 



«_v a-6 _ 8iiiii-8iiLB 2 2 2 

^^^ c " sinO T~S 7T~"~ C 



2 sin— • cos-x- cos-r- 

2 2 2 

, rv . A-B 

/. (a-ojoos— =rc, sin — 5 — • 

^ft^i tanB _ sing.C080 _ \ 2o6 ; _ a» + 6«-c' 

^^^ tanC~sinC.cos5 /a^ + c^-iK a«-6-« + c^* 

c 



\ 2ac ) 



(9) c=acoaB+6cos-4=acoaB+-T— T-' coflJ.=a(co8J5+suLB.cot4). 

(10) 2(ab . cosC?+ ac . cosJB + be . cos J.) 

(11) cos*^ + cos^jB + 008^0+ 2 cos^ . coaB . cosO 

= g- 1 l+cos2^ + 1 + C062B + 1 + C0S20+4 cos^ . cos5 . cosC > 

="2" j 3 + ( - 1 - 4cosJ. . cobJ5. cosC) +4 cps-4 . cosjB . cosO i , 

by Example xlviii. 1. (7). 



=ix2=l. 



(12) 



„ A+B . A-B 



a-b o ,0 siiLl-8inB „ ,G "" 2 2 G 

-r-2'^2 — S50— 2«»*2 -s '^2 

srny 

„ . 4-B . A+B 
■» 2 am— 2 ««i— 2 — =coaB- cos^. 

(13) 

_ . A+B A-B 
a+b - . .0 siai+BinB „ . .0 8sm— — cob^- ^ 

— -f^^ So— 2^*2 d ^2 

cosy 

—2 COS —5 — C08— 2 — •»cosL4 + ooaB. 
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(14) a'.EdiLl+a&. sinB+a«.sin(7sa%iiiLi + 6. 6smul + e.csiDjl 

=(a« + 62+c2)BinA 

(16) By Art 184, page 149, 

.A I sAs-a) J .B I «.(a-6) . 

COt-s-=B\/ ; TTT — ^ and C0lr5-=\/ 7 Vt — \ i 



(«-6)(«-c) 



=h + c-a:a + c-h. 



(16) 



c 



^ B_ I 8.{8-a) I 8.(8-bf _ 8 _ a+h + 

^^ • ^^^-V («-6)(«-c) ' V («-a)(«-c)~^c~a + 6- 

(17) asin(JB-(7) + 6sin(a-^) + c.sin(^-^) 

=a (sulB . cosC?- cosB , sinC) + 6 (sinO . cos^ - cosO . sinJ.) 

+ c {sinA . cosB - cos A . bulB) 
a=cosO(a sulB - & BuiA) + co&B(c bIhjI - a sinC) 

+ 008^(6 sinO- CBinB) 
=0 + + 0=0. 



4. If the sides are in arithmetical progression, so also are the sines 

of the angles : 

.'. sin^ + sinC=2 siaB, 

or sin-4 + sin(J. + B)=2 smBy 

„ . / jB\ B . , B B 
or 2sin( -4+— J cos2-=4sm-2-'COS-2- ; 

.'. smi ul+-2-)=2sm-2 • 

5. {}>-¥c),AD=h.AB + c.AD 

=6 . & sinC+ c . c sinB 
=6*sin(7+ c^siaB. 

A 




EKJkSOL 
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6. Let-45=4,u4C=9,5C=12,andlet-4Dbethelmebisectingz B^C. 

A 




Fro. 21. 



Then, by Euclid VI. B, 
BD.DC+DA^=^BA.AG 



.A 'A 

am— ^^-Q 



AL^ 



( sin— \ 

\ giiiB • sinO / 

! («-&)(«-e) ^ 

-|^...(.-«).(.-5).(.-e)^'( 



36 



36 



^D^xf =36. or. ^=«-^«-2f3 



7. 



If amA='2 cosB . sinO 
8m(B + (7)=2 cofiiB . sinO 

fiinB . cos(7+ cosJ5 . siii(7«*2 cosB . sinO 

bulB . cosC- cosB sm(7=0 

sm(B- C)=0, and /. B^C. 
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« xi. A « . y^ sinJ. + siiLB 
8. Ifcos^.co85.8m(7=^2^^ 

cos J. . cosJ^ 

• A , • T> 2 . 8111 a COS 5 

. ^ smJ. + siiLB 2 2 

®"^^""cos^ +cos5"*T aTB its ' 

2 . cos — o — cos — ^ — 



„ . ^"T 

.-. 2sm— cos^=— ^. 

sin^- 

.,0 1 .01 

•'•'"'^='2"'^^'''''2"=V2' 

•.•.-2=45% and .-.0=90'. 



9. Ifsin2^=sin«jB + 8in20 

52 ^2 

siii^-4 = -o • sin* J. + -5 • sin'^ ; 

.-. a2=j&2 + c2, and .-. A=90\ 

_.siiL4 sinO .1 a c . , 

1^- ^ sTiO ==8"5B' ^^^'^ T^P °'' ^=' • 

__ a' + fts + c^ , 

Then-— -rr:r=«* 

a + o + c 

.-. a' - oft + 6' « oft, or, (a - 6)2«0, or, a= 6. 
Hence a, 6, c are all equal. 

11, c2=a« + 62-2a6.cosO 

= tt« + 6a-2a6x(-i.) 
=a* + 6'+a6. 
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12. 


sinJ. a 

Bin-4 + siiiB a+6. 
" siiL^. - sinjB a- 6' 






sm(5+C) + si]iB a4 
•'sin(5+0)-siiLB a- 


■h 



Bini 5 + -5-)- OOS-jr- , , 

. \ 2/ 2 _fl + p 




Now z ^1)0=5+2-, by Euclid I. 32 
.*. tan^DO. cot-g-^— -, ; 
.*. tMLABG= — i-- tan-jr . 



(13) Draw CE perpendicular to AB, 

Then by Euclid II. xii. and xiil 

CB^=CD^ + D& + 2DB, DE, 

CA^^CD^ + DA^ - 2AD, BE, 

and DB=AD. 




5 D 

Fio.2Sk 

.-. C& + CA^^2CIfi+DB^+DA^; 



4 4 

... Oi)2„f^+^-i!. 

2 2 4 



B 



(1) 



Examples— XLIX. (p. 157X 
a=Vc2^=^=Vl6=4 

c 5 



Hence, as in Art. 168, we find A=^63\ Y. 48^-4 ; 

and.-, ^=36^52'.lr•6. 
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(2) a=V?^=^=V64«8, 

8iii^ =— =® « -4705882. 
c 17 

Hence A = 28\ 4'. 2(r-d, and B= 61^ 56'. 39*-l. 

(3) a=V?'^^=*V400=20, 

sul4=— =|?=-6896552. 
c 29 

Hence ^=43^ 36'. 10"-1, and 5=46**. 23'. 49''-9. 

(4) a«Vc?^^=s/6'76«24, 

C08ii==— =5r«=*28. 

c 25 
Hence ui=73^ 44'. 23". 3, and 5=16'. 15'. 36^7. 

(5) a=V?^=^=:V3136=56, 

cos^ = A=||« -5076923. 
c 65 

.-. A = 59'. 29'. 23^-2, and B= 30^ 30'. 36'-8. 

(6) a^c . 6ul4=13 x -9230770=12 very nearly, 

6=V?r^«^25=5, 
5=22^37'.ll"•6. 

(7) a=c. sinii =41 x -9756098=40 very nearly, 

6=V^3S«=V81=9, 
5= 12". 40'. 49". 4. 

(8) a=c.cosJB=73x "6575341=48 very nearly, 
6=x/?r^=V3025=55, 

^=41°.6'.43"-5. 

(9) a^c . cosB=89 x -4382021 =39 very nearly, 

6 = V^^^= V6400 = 80» 
-4=25°.59'.2r-2. 



KEY TO ELEMENTARY TRIGONOMETRY. 105 

(10) 6»a-rtaii^«40-4-4*4444442=B9yei7 nearly, 

C=^/?TP=V1681=41, 
JJ=12^40'.49''•4. 



Examples— L. (p. 159), 

(1) 6=V?^=^=V289x81«17x9=153, 

c 
X fidn^ = 10 + 2-0170333 - 2-2671717 = 97498616 ; 
.-. ^=34°. 12'. 19^-6, and 5=55'. 47'. 40''-4. 

(2) 6= iJ^^^ \/729x 121=27 x 11=297, 

8mJ.=--; 
c 

.-. i sinii = 10 + 2-4828736 - 2-6283889=9-8544847 ; 

.-. ^=45**. 40'. 2^-3, and 5=44°. 19'. 57''-7. 

(3) 6= V^ar^= V'l681 X 1 = 41, 

8Ul1=--; 
c 

/. L sin ^ = 10 + 2-9242793 - 2-9247960 = 9*9994833 ; 

.-. ui=87^ 12'. 20^-3, and 5=2^ 47'. 39''-7. 

(4) 6= V?^^= /^^6nr289=31 x 17=527, 
Bin^=— ; 

.'. L sul4 = 10 + 2-5263393 - 2*7958800 = 97304593 ; 
.-. ui=32^ 31'. 13^-5, and 5=57°. 28'. 46^-5. 

(5) 6= fJ?^^^ V2209x9»47 x 3=141, 

a 

8inJ.=— - ; 
c 

/. X sin^ = 10 + 3-0413927 - 3-0449315 = 9-9964612 ; 

.-. -4=82°. 41'. 44", and 5=7°. 18'. 16*. 
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(6) a= V?^r65= >/968 x 578 ; 

/. loga=-^{log 968+ log 578} =2-8739016 ; 

.*. a=748, andcos-4=— - ; 

.-. L cosul = 10 + 2-2900346 - 2-8881795 = 9*4018551. 
.-. ^=75". 23'. 18% and 5=14^ 36'. 41^-5. 



(7) a = V?^:p = Vl058 X 512 ; 

.-. Ioga=|-{logl058 + 9 log2}= 2-8668778 ; 

.". a =736, andcos-4=-- ; 

c 

.-. ico§ii = 10 + 2-4361626 -2-8948697 =9-5412929 ; 
.-. ^=69". 38'. 56^-3, and B=20°. 21'. 3''-7. 



(8) a= V?^= Vl250 X 32 = 200, 

.*. L cos^ = 10 + 2-7846173 - 2-8068580=9*9777593 ; 
.-. -4 = 18". 10'. 50^, and jB=71^ 49'. 10". 



(9) c= Va« + 62= V761 76 + 243049 =665, 

tan-4=-T- ; 

.-. Xtan^ = 10 + 2-4409091 -2-6928469 =9-7480622 ; 
.-. A =29^ 14'. 30^^-3, and ^=60". 45'. 29^-7. 

(10) c = Va?+6« = Vl56816 + 162409 = 565, 

taa4=-r ; 

.-. L tan4 = 10 + 2-5976952 - 2*6053050 = 9-9923902 ; 
.-. ^ =44". 29'. 53", and jB=45'. 30'. 7". 
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Examples— LI. (p. 161). 
(jj Height of ye in feet ^^^^. 3^,^ and if fe be put for height 
of steeple, 



logh = log220 + L tan46°. SC - 10 

=2-3424227 + •0227500=2-3651727 ; 
• .-. ^=231-835 feet. 



(2) 2^=*^ 2^**- ^^' *^^ ^ ^ ^® *^® ^®^«^** of the tower in feet, 

h 



200 



=tan25M0'; 



.-. Iog^=log200 + X . tan26**. lO'- 10 

=loglOOO - log5 + 9-6719628 - 10 
= 3 - -6989700 + 9*6719628 - 10 
= 1-9729928; 
.•.^=93*97 feet. 

(3) 5C=50feet; z^J[a=46°; iBDC^ZQT. 
Thenii 0=50= 50 feet, 
(a) AD=CD^AC 

=5a.cot30'*-50 

= 50.(cot30'* - 1) = 50.( V3 - 1) 

=50 X -7320508 ... q ^ 

=36-6025 . . . feet ^^ 

0) AB=AC. sec45°=50. V2=50 x 1-4142 . . . = 70-71 . . . feet, 
(y) BD=BC. cosec30° = 50 x 2 = 100 feet. 

(4) If ^ibe the measure of the height in feet, 

A.=tan54'.27': 
140 ^^''^ • ^' » 

.-. ^=140 X 1-399364=195-910960 ; 
.'. height is 196 feet neaxly. 
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(5) Let PC be the hm. 




Then zP^O 

lPBC 

Then PC 

and PC 

•. BatarLPBC- 

/.BCx 1-998= 

whence BC-- 

Hence FC^ 



Fio. 25. 



=32M4',and 
=63°. 26'. 
■BCt&nPBC, 
■ACtaxiPAa 
•AG.tajiPAG; 
(500 + BC) X '63, 
230 nearly. 

230x1 -998 =459-54 
=460 yards nearly. 



(6) Let 6 represent the sun's altitude. 

Thentan^=:i5.^=2- 
75 ' 

.-. L tan^= 10 +log2«= 10-3010300. 

Hence ^=63°. 26'. 6^. 

(7) Let BC be the breadth of the river. 

A Then -40=50. tan60^ 

and^O=OZ>.taii50'. 

.-. B0.tan60''=(40 + 50)tan50'*; 

.-. 50x V3=(40 + 5o)xl-19; 

.-. BC. (1-73 - 1-19) =40 X 119 ; 

. -.-5450= 47-6, 

and .*. BO=88 yards nearly. 




(8) 



(9) 



Let $ be the angle of inclination. 
Thensin^=^=-65045. 
Hence ^=33^ 23'. 65^-7. 

Let 6 be the angle of inclination. 

140 
Then sin^ = ^^ = -6306306 ; 

.-. ^=39°. 5'. 47''-9. 
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(10) Let PC be the tower ; z P^(7=55" ; l PJB(7=48'. 
Then^=-ii°^' 



^^ FA sin48^ 
or a= : 

30 sin7' ' 



.-. P^=30x 



sin48' 



sm7°' 
and AG^TA . cosP^C=Pul . Bin35^ 
Hence if 6 be the breadth of the river in feet, ^ — JgJ 




6=30xBin36'x 



811148' 
sinr 



FiaS?. 



.'. logft =log30 + L sin35'* + L sin48° - L sin7' - 10 
= 1-47712 + 9-75859 + 9-87107 - 9*08589 - 10 
= 2-02089 ; 

.-.6=104-93 feet. 



(11) Let AB be the height of the house, BD the length, C the place 
of observation. 

Then ABG and CBD are right angles. 
Then 50= BD . cotPGD, 



and since coaBC!D= —j^ cotPC(D= 
.•.£C=150x-|.=75feet. 



2 ' 




Fio. 28. 



./ 
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Again, AB^BG .\xmACB, 

3 3 

and since sin-4CB= --^, tanJ.CB=-^ ; 

/. ^5=75 xy =45 feet. 



(12) Making the same constniction as in Example (11), 

5 
BC=AB. coL4 05=45 x -3-=75 feet, 

and BD=BC. taJiBCD=76 x 2= 150 feet. 



Examples — LIT. (p. 174). 

6^ + (^-ag _ 169 + 160O-1369 _ 5 
(1) cos^- 26c " 1040 "13 

12 
.*. sittil = 13 == •9230769. 

Henceui=67°.22'.48"-5. 



&2^g2_a2 _ 841 + 14400 -10201 63 

. . 60 
.-. sin^ = gy = -6896552. 

Hence^=43°.36'.10"-1. 



(3) «=y(37 + 13 + 30)=40; 

. „. ^ /27ino /¥ . 

• '^° 2=V 13730= V 13' 

.-. i sin^ = 10+4-1 *^^^^^ " 1-1139434 | 

= 10 - •0798504=9-9201496. 
Hence A = 112°. 37'. ll^'-S. 



KEY TO ELEMENTARY TRIGONOMETRY, iii 



(4) «=-i-(409 + 241 + 600) = 625; 



2 

.-. sin^=^ Va.(«-a)(<-6)(«-c) 

'^ 144600 \/^^ X 216 X 384 X 25 

_ 2x 36000 360. 
144600 "^723' 
/. L sin^ = 10 + 2-5563025 - 2*8591383 = 9*6971642. 
Henoe-4=29^5r.46''-l. 



tan— 5 — 

2 <j-a 



tan — r — 
2 



Now c-a=1859 and e+a»13419 ; 

'c + a^ + i cot 



/.itan— 5— =log(c-a)-log(c + a) +Xcot--; 



Q^ A 
/. L tan-g- =3-26928 - 4-12772 + 10*40312 

» 9-54468. 
Hence — ^=19^ 18'. 50". 

C+A 
Also— 2— =68°. 26'. 0"; 

.-. C=87^ 44'. 50^, and A =49°. 7'. 10\ 
sinJB 



3. 6=a. 



sinJ. ' 
.*. log6 = loga + L mnB - L Bin A 

= 1-7403627 + 9-9764927 - 98188779 

= 1-8979775; 

/. 6=79-063. 
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/. log& ==logc + L siiLB - It sinC? 

= 2-1613680 + 9-9982047 - 9-8183919 
= 2-3411808; 
.-. 6=219-37. 

6. 8iiL4=8iiLB •-T- ; 

.'. L siiL4 = L sIilB + loga - log6 

= 9-7176280 + 2-7637623 - 2-5465269 
= 9-9247634. 
Hence one value of -4 is 57°. 14'. 21". 
And since a is greater than 6, ^ is greater than B^ and we may 
have the same given parts in a triangle where A is the supplement of 
57°. 14'. 21", or 122°. 45'. 39". 

6. sulB=--- sinC=-5--sin30''=T-x-5-=l; 

.'. £=90"*, and the triangle is not ambiguous. 

7. In the equilateral triangle a^h—c\ 

a^ + ai^ — a^ c? 1 



.-. COSJ.SS 



2a2 2a2 2 



8. 



T , . ^^o ^ 19 , 6-c 18 9 
Let^ = 60°,-=y, and .-. ^=^0=:^' 

Nowtaii:^^=|^^coti 
2 6 + c 2 

-^ ^3^ 3^x3* 3* 
10^ 1 10 10' 

TD r^ K 

.-. i tan —^ = 10 + y log3 - loglO 

= 10 + 1-1928032-1 
= 10-1928032; 

.-.— ^=57M9'.ll", 

and^?i^=60°.0'.0". 

.-. 5= 117". 19'. 11", and a=2^ 40'. 49". 



KEY TO ELEMENTARY TRIGONOMETRY. 113 



9. Let a, 6, c denote the sides in order of the given values. 

Thencos^=^'^^-^^= ^ + (^^y^)'"^ = ^ + ^^3 =.L. 



26c 



2(1 + V3).V6 2^6 + 6^2 ^2' 



^=45^ 



Again, sin^= A . sin.l=^ • -4=^ ; 
° ' a 2 V2 2 ' 

.-. ^=60'; 

and .-. 0= 180' - (60° + 46°) = 180'' - 105'= 75'. 

10. Constnict a diagram, as in Art. 213, fig. 2, but with A and B 
interchanged, because B is here to be the smaller angle. 

C 




6 Ab D Ai 

Fig. 291 

Let Ci=-4»B, and Ci=AiB. 
Then Ci = BD - A J) = acos5 - b . cosCAJ), 
and Ci=BD + AiD— acoaB + b . cosGAJ) ; 
.'. Ci,Ci= a'. cos^^ - 6*. coa^CAJ) 
= a'. cos^jB - 6^. cosM • 
=a8. (1 - sin25) - 62 (i - sin^J) 
=a2-62; 
/. Ci.Ci + b^^aK 



IL 



Let -4 = 64'. 12^, andA = |. 

c 7 



Then 



6-c 9-7^2^ 1 
b + c 9 + 7 16 8 



And tan — - — = , — • cot-x- 
2 b + c 2 

= -i- • cot32'. 6'. 
o 

H 
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.-. itan^— ^=log 1 - log 8 + i cot32^ %' 

= 0-31og2 + itan57^54' 
= - -90309 + 10-2025265 
=9-2994356. 

Hence :?^=11M6'. 10^, 

and:?±^=57^64^0'; 
.-. 5=69'. 10'. 10", and 0=46'. 37'. 50". 



15 7,5 3 

12. «=^, «-a=-2 , «-&= 2"> «-<'= 2- 

. ^B / ISITS /25. 
••^¥=V2:2A6=V28' 

.-. Xcos:| = 10 + -|-|21og6-6log2| 

= 10 + 1. 1 1-3979400 - 1-6051495 \ 
=9-9463953. 
Hence 2-=27^ 53'. 8", and jB=55°. 46'. 16*. 



A-B a-b ^0 
13. ^^-2~=ST6'''''*T 

70-35 ^0 
=^70T35-^*2 

=^cot.l8^26'.6''; 

A—B 

.'. L tan-g— = log 1 - log 3 + X cotl8°. 26'. C' 

=0 --4771213 + 10-4771213 
= 10; 

"—2 ^' 

and ^^^=71^33'. 54%- 
.-. A =il6^ 33'. 64", and jB=26^ 33'. 54". 
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Examples — LIII. (p. 176). 
(1) c= Va2 + 62= Vi6 + 9 = 5, 

8ini4=-g-=*8. 

By the tables sinSS'. 7'= 7998593, 
sin53'. 8' =-8000338. 
Hence ^=53". 7'. 48''-4, and -B=36'. 62'. ll"-6. 

0= V(?^=P=48, 

55 
bulB=^= -7535068. 

By the tables 8in48°. 53'= '7533721, 
8in48°. 54'= -7535634. 
Hence jB=48°. 63'. 16^-5, and ^=41°. 6'. 43^-5. 

(3) c= Vfl?+6*=353, 

272 
8in-4= 3^2 =-7705382. 

By the tables sm50^ 24'= -7705132 
sinSO^ 25' =-7706986. 
Hence ^4=50'. 24'. 8"-l, and jB=39°. 35'. 5l"-9. 

(4) a= Vc2^=^=40, 

40 
8in-4 = 4qJ == -0997506. 

By the tables 8in5'. 43'= -0996092, 
8in5°. 44' =-0998986. 
Hence .4 = 5'. 43'. 29^-3, and -B=84°. 16'. 30^-7. 

(5) 5=79°.7'.9"-6. 

By the tables sinlO'. 52'= -1885241, 
sinlO°. 53' =-1888098. 
Hence sinlO'. 62'. 50"-4= -1887639 ; 
.-. a=c. sin^ = 445 x -1887639 = 84, 

and 6= Vc23^2„437. 
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(6) 5=43°.0'.10"-3. 

By the tables 8in46°. 59'== -7311553, 
sin47°.(/= -7313637. 
Hence Bm46°. 59'. 49''-7= '7313196 ; 
:.a^c. sin^ = 629 x '7313196=460, 

and 6= V?^=429. 

(7) u4 = 38°.34'.48''-3. 

By the tables sin5r. 26'= '7817019, 
sm61°. 26' ='7818833. 
Hence sm51°. 25'. 11"'7 = '7817372 ; 
/. 6 = c.smB=449x -7817372=361, 

anda= Vc2^^=280. 



• 

(8) ^=31°.2'.63'''6. 

By the tables sin58°. 57'= '8567175, 
sm68°. 68' ='8668675. 
Hence sin68°. 57'. 6'''4= '8567336 ; 
.-. 6 = c . sulB = 349 X '8667335 = 299, 
anda= V?^^=180. 

(9) ^=23°. 57'. 8". 

By the tables tan23°. 57'= '4441834, 
tan23^ 58'= '4445318. 
Hence tan23^ 67'.8"= '4442366 ; 
.-. 6=a . tan^=520 x '4442365=231, 
and c=V?+F=669. 

(10) ^=3°. 41'. 43". 

By the tables tan86^ 18'=15'463814, 
tan86M9'= 15-633981. 
Hence tan86^ 18'. 17"= 15*483694 ; 
.-. a=6 . tan^=31 x 15*483694=480, 
andc='^aM^=481. 
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Examples — ^LIV. (p. 177). 

(1) «=245, «-a=48, «-6=192, «-c=5. 

Thentan^^x/OO". 
2 V «.(«-a) ' 

-4 1 ( ) 

.•.Xtan-2=10 + Y|logl92 + log5-log245-log48> 

= 10 + -1- 1 2-2833012 + -6989700 - 2-3891661 - 1-6812412 \ 

= 10 + Y I 2-9822712-4-0704073 \ 
=9-4559320, 

Hence g" =15'. 56'. 43''-4, and .-. ^=31'. 53'. 26''-8. 

By a similar method we may find B=8'. 10'. 16^-4, 
and.-. 0=139°. 56'. 16^-a 



(2.) «=605, »-a=96, »-6=384>«-c=125. 
L tan -2= 10 + -i- 1 log 384 + log 125 - log 605 -log 96 \ 

= 10 + 4 1 2-5843312 + 2-0969100 - 2*7817564 - 1-9822712 



= 10 + 



\ I 4-6812412 - 4-7640266 | 



=9-9586703, 

A 
Hence -^^^"^^ 16'. 25^-26, and .-. u4 =84". 32'. 50''-5. 

By a similar method we find B-25^ 36'. 30^-7, 
and.-. (7-69*. 50' 38^-8. 
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(3) «=680, «-a=147, 8-6=363, «-c=170. 
Xtan2-=10 + -2hog363 + logl70-log680-logl47| 

= 10 + i I 2-5599066 + 2-2304489 -2-8325089 -2-1673173 | 

=10 + -i- 1 4-7903655-4-9998262 | 
=9-8962647. 

Hence ^=38'. 9'. 26*, and /. ^=76°. 18'. 62.* 

By a similar method we find jB=35°. 18'. 0''-9, 
and.-. 0=68°. 23'. 7^-1. 

(4) «=808, «-a=243, «-6=363, «-c=202. 
Xtan— =10 + -|- j log 363 + log 202-log 808-log 243 I 

= 10 + -i- j 2-5599066 + 2-3053514 - 2-90741 14 - 2-3856063 | 

= 10 + -|- j 4-8662680 -5-2930177 [ 
= 9-7861202. 

Hence -2=31°. 26'. 46''-46, and .-. ^ = 62^ 51'. 32"-9. 

By a similar method we find jB=44°. 29'. 53^ 
and.-. C= 72°. 38'. 34"-l. 

(5) «=416, 8-a=7, «-6=175, «-c=234. 
Ltan-g =10+-i- 1 log 176 + log234-log416-log7 I 

= 10 + -i- j 2-2430380 + 2-3692169 - 26190933 - -8460980 | 

= 10 + -i- 1 4-6122639-3-4641913 | 
= 10-6740313. 

Hence y^ 76°. 4'. 7", and .'. ^ = 150°. 8'. 14". 

By a similar "method we can find -B= 17^ 3'. 41''-6, 
and.-. C= 12°. 48'. 4''-6. 
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(6) B= 180° - (^ + C) = 11'. 25'. 16"-3, 

BJn^ 29 X '6896550 ^ 
*""'^- siiLB" -1980199 ' 

BinO 29 X '8193229 ^ 
^"■^ • siiLB -1980199 ^^^* 

(7) jB = 180° - (^ + C) = 39° 18'. 27"-6, 

sjilA 149 X -9395972 _^^, 
*='^* S5"" -6338400 '^'*^' 

sma__ 149x^9438490 __ 
^=^'Sg" -6338400 ^^^• 

(8) tan~2-=^^:p^cot2-, 

A—B 72 
tan—^- = j3Q • cotl6°. 5'. 26''-9, 



L tan'^-2^=log 72 -log 130 + L cotl6°. 5'. 26"-9 

= 1-8573325 - 2*1139434 + 10-6399616 
= 10-2833507. 

Hence ^^^ = 62'. 29'. 16^-8, 

aiid^^^=73°.54'.33"l; 

.-. ^ = 136°. 23'. 49"-9, and jB=11°. 25'. 16''-3. 

., a.sinC 101 x -6326047 __ _ 

^""^ '""iSZ = -6896560 "^^• 



A-B a-h .C 
(9) taii-2 ^S^ffeCot^' 

L tan^^^^ = log 360 - log 442 + X cot48°. 28'. 40''-05 

« 2-5563025 - 2*6464223 + 9-9471473 
-=9-8580275. 
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A—B 
Hence — g- =36^ 47'. SC-eS, 

A + B 
and -^—=41°. 31'. lO^'OS ; 

.-. A^*7T. 19'. lO^-e, and B=5*. 43'. Sg''^. 

., ^ a.sinC 401 x -9926403 '_ 

^«^' ^= -SSJT =9766097 ^^®- 

(10) tan-^ irH5-~*T 

^ — B 72 
tan— 2" =37Q cotl5°. 20'. l7''-5, 

A-B 
L tan— ^ = log 72 - log 370 + L cotl5°. 20'. 17''-5 

= 1-8573325 - 2*5682017 + 10-5617669 
=9-8508977. 

Hence -^-^=35^ 21'. 15", 

and^^^=74°.39'.42"-5; 

.-. ^=110^ 0'. 57''-5, and jB=39^ 18'. 27"-5. 

., ^ d.sinC 221 X -5101885 ,_ 

"^"'"^ B£3r= -9395972 ^^O. 

(11) tan^=:^.co4, 
^ ' 2 a + 6 2' 

tan^i^ =^ . cot33°. 29'. 42^-7, 

A-B 
L tan— ^ =log 48 - log 170 + L cot33'. 29'. 42^-7 

= 1-6812412 - 2-2304489 + 10*1792962 

= 9-6300885. 

A — B 
Hence —2— =23'. 6'. 57^-3, 

and;'^^= 56^ 29'. 42^-7 ; 

.-. ^ = 79^ 36'. 40", and B=33^ 23'. 54"-6. 

., ^ a.sinC 109 x -9204413 ,^^ 

^«°' ^= ISZ =983606^- = 1^2. 
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, , A-B a-b .C 

(12) taii-^-=^j • cot^ 

X taa'^^^log 362 - log 528 + X cot43'. 57'. 30* 

=2-5587086 - 2*7226339 + 10-0157949 
=9-8518696. 

Hence ^^ = 35^ 24'. 46", 

and-J^=46^2'.30"; 

.'. A=BV. 27'. 16", and jB=10*. 37'. 44". 

., 6.8inC 83 X -999390 ,,^ 

^'^' '^lEg-"" -1844460 '=^^^- 



A-B a-h. ^C 
(13) tan-^ ^^^ • cot^, 

tan^^^=^ . cot65'. 42'. 22", 

L tan~^=log 120 -log 338 + L cot65^ 42'. 22" 

=2-0791812 - 2-5289167 + 9*6545508 
=9-2048153. 

Hence ^— ==9'. 6'. 16"-6, 

ajid'^^«24M7'.38"; 

/. ^=33^ 23'. 54"-6, and 5=15'. 11'. 21"-4 

., b . 8inC _ 109 x '7499700 , ^ 

^^' ^'""SEB -2620086 ■"^^^- 
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(14) tan.-^ ^^ cot^, 

A — IB 72 
tan— ^ = _ . cot52^ 1'. 55"-5, 

A—B 
L tan— ^ = log 72 - log 410 + L cot52'. 1'. 55"-5 

= 1-8673325 - 2-6127839 + 9*8923085 
=9-1368571. 

.•.^^^=7^48M2", 

and^^Y^=37".58'.4"-5; 

.-. ^=45°. 46'. 16"-5, and ^=30^ 9'. 52"-5. 

Aia^ . ^s"iC? 169 X -9900242 „„„^^ 
^^^' '-^B =-^6024855- =332-97. 



(15) tan-^^—gcot^-, 

tanAz:?=^ cot7°. 41'. IS^ 

L tan—— =iog 72 - log 410 + L cot7'. 41'. 18''-5 

= 1-8573325 - 26127839 + 10-8696637 

= 10-1142123. 

A — B 
Hence —r- =52'. 26'. 54''-l, 

and — |— =82^ 18'. 41"-5 ; 

.-. u4 = 134^ 45'. 36"-6, and ^=29^ 61'. 46"-4. 

Also, ,_&» sine 169 x»2651681 ^ 
' BinB -4982927 ^' 
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/,«x . « ft.sin^ 37 X sinl8°. 55'. 28"-7 
(16) sinB^ ^; j3 ; 

.-. X 8iiLB=log 37 + X 8illl8^ 55'. 28"-7 - log 13 
= 1-5682017 + 9-5109783 - 11139434 
=9-9652366; 
.-. -B=67^ 22'. 48"-l, or its supplemfitt 112°. 37'. ll"-9. 

. „ 6.8in^ 565 X 8in44^ 29'. 53" 
(17) sinB -^ ; 

.-. L 8inJB=:log 565 + i 8in44°. 29'. 53" -log 445 
=2-7520484 + 9*8456468 - 26483600 
= 9-9493352; 
.-. 5=62°. 51'. 32"-9, or its supplement 117°. 8'. 27"-l. 

,^, . „ ft.sin^ 836-4 X sinl4^ 24'. 25" 
18) 8inB=— ^^ ^^^ ; 

.-. L siiLB=log 836-4 + i sinl4°. 24'. 25" -log 212*5 
= 2-9224140 + 9-3958630 - 2*3273589 
=9-9909181 ; 

.*. B=78°. 19'. 24", or its supplement 101^ 40'. 36". 

. „ ft.sin^ 564-8 X sin40°. 32'. 16" 

(19) smB —^ 3^^:^ ; 

.-. L sin5=log 564-8 + X sin40°. 32'. 16"-log 379-5 
=2-7518947 + 9*8128794-2*6792118 
=9*9855623; 
.-. 5=75*. 18'. 28"*2, or its supplement 104°. 41'. 31"-8. 

,„^v . ^ ft.sin^ 8032-29 X sin71^ 3'. 34"-7 

(20) 8in5 ^^^^^ ; 

.-. isin5=log 8032-29 + Xsin71*. 3'. 34"-7-log 9459*31 
= 3*9048393 + 9*9758266 - 3*9758694 
= 9-9048055; 

.•.5=53'.26'.0"-6. 
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Examples— LV. (p. i8i). 
(1) Let QP be the hiU ; l C5P=60" ; l C^P=46^ 




B P 

Fio. 80. 

ThengP=PP.tan60° 

= (^P-100)taii60^ 

=(gp-l00). V3; 
.-. QF^^^J^^^J^^ ... feet 

(2) Let P be the fort ; Bx and B^ the ships. 
Then l FSiSi=^b\ 14', and z FSA=^^^ 12', 

P and z iSiPiSa= 180° - 77^ 26' 

* sinPiSlA 

andF5i=i^fifa--^-j^^ 

== ^^^^ • sin77'. 26' 

•671 
=1760 X ;q^= 1210 yards, 

, «o, ,w«^ sin35M4' -^^^ "577 ,^^^- , 
and PiSi=1760 x ^^y^o gg/ = 1760 x ;^^- = 1040*5 yards. 

(3) With a construction simihur to that in Example (2), 

7:t« ««^ 8in85M5' ^^^ '9966 ^^^^ , . 

PiSi=880 • Binll^ '^ ^ n^gos""^^^ ^"^ nearly, 

P5;- 880 . '-i^fj^=88o X ;5^^^^ 




Fio. 31. 
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(4) Let AB be the flagstaff ; BF the tower ; Q the place of obser- 
vation. 

Then taiLBg^= tan (^gP--BgP) A 

tan-iQP-tanBQP 
l + taiLlQP.tan^C^ 

205-2 -05 1 . 



1 + 205x2 5-1 102 
/. L tanjBQ^ = 10 + log 1 - log 102 
= 10-2-0086002 
=7*9913998; 
.-. PQ^=33'.42^. 




Fio. 82. 



(5) Let A be the top of the steeple ; D the top 
of the tower. 

z^PP=60''and z DPB=45'. 
ThenP-4=PP.tan60", 
andPD=PP.tan45''; 

.-. BA : PD==tan60' : tan45' 
= V3 : 1. 




Fio. 83. 



(6) Let PC be the river, CB the column, BA the statue 
CD =6 feet ; and let x= breadth of 
river in feet. 

Then tan^PP=tanDPC=— , 

X 

^ .^^ AC 230 
tan^PC=pg=— , 



tan.BPC« 



200 

X 




Fio 84. 
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Now taiLBPC=tan(^PC- ATB) ; 



200 _ X flc 
X , 230 6 ' 

X X 



. 200 



224x 



-, or 24ai2== 276000, or a;2= 11500 ; 



X X2 + 1380' 

/. x=107'2 . . . feet 



(7) Let A be the top of the pole ; B the top of the monnd. 

z^PC= 60"; zJ5PC=30'. 
Then AQ-=PQ . tan60^ 
BQ=FQ . tan30'* ; 
.\ AQ: PC=tan60'* : tan30® 




V3 
=3:1; 
.-. AB=^2BQ. 



FiQ. 35. 



(8) Let A be the top of the flagstaff ; B the top of the tower. 

A Then i BQP:=^90'' - l AQF. 

-NowAB^AP-BP 

= a{taiiAQP - tanP^-O 

cos^a — sin^a 




=a. (cota - tana) =a- 



cosa . sina 



cos2a ^ 



Fio. 80. 
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(9) 



Let 2* be the place of the second observation. 



/. c==< 




Then a^qP 



iBP. coi-^-e 



a=atana. cot-g'"*'; 



2 , a 

-^— cot -s- 
a 2 



- 1 



l-tan'— 
2 



«(l.tan^|-"')— 7: 



tan2^ 
2 



tan2^ 






d 



la 



cos 



o a . Q a 

3 S^ 2 



cosa 



.*. asc. cosa, and patting this for a in the result of Example (8), 

cos2€i 
length of flagstaff » 2c . cosa . coi2a^2c. cosa • . q 



cos2a M 

s2c* <.-: — =»<^ • ooseca . cos2a. 
2sma 
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(10) Let K be the kite ; /S^ and ^^ the places of obsenratLon. 

Draw KA perpendicular to SS^^ 

Then, since the angles at Bi and ^ are equal, 

KA bisects ^8^, 
Then KA^A^, tanXiS^JL 

=-^-tani3 

a, 




a=-g-'sin/3.jsec^ 



a 



•^ . sina . sec/3, because a— 3. 



(11) Let JB be the smaller and TT the greater tower, and D the 
point midway between them. 

p Join T^, BP, P^, PP. 

Then l PDT= l DAB. 

Let FT^x and AB=y. 

X 60 3600 

Th«^60=7'"'*="y 

^ Also, tanP^r=tan2^TJ5 

_ 2tan^ yg 
""1 - iasMTil 

and tanP5!r=^, and tan^rJB= ^ ; 

. g ^ 240y . 
"120 14400-1/2' 




3600 



240^ 



"my 14400-y* 
Hence y=40 feet, and .'. x=90 feet. 
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(12) Since L ADB=^ l ACB, a circle can be described about ADCB. 




A B 

Fio. 40. 

/. L ABB== L ACD=19\ 15', 
and L DAC= 180" - (40". 45' + 19". 150 « 120", 
AD . sin30^ 



.\ AB=-r: 



sinl9" . 15' » 

^ ,^ Da.8inl9M5' 

"^^^■^'^ 5120" — > 

1^ 

, AB^ sinSO'* sinSO^ ^ 2 __ 1 

"DC 8inl20"'"8in60" 7? ^* 

2 

(13) Let X be the length of the zigzag road in miles. 

Then 5:12= 3- :«> 
.'. 5x=:20, or a; =4 miles. 

(14) 81 and j8i are the two positions of the ship, A and B the two 
objects. 

N B 




Fio. 41. 

Then z M/8i = 15" + 45" = 60" 

z jB^^=90°(since N.W. is at right angles to N.E.) 
z 5;il/8i=180^-(45" + 60") = 75". 

I 
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Then BSi^SiSt . sec . BS^St 
=6.8ec60"=10, 



6x 



^^^^ sinS^ASi 8in75°^ "73+7 -73+1' 

. jR in 10 _10V3_ 10V3(V3-1) _ 

(15) Let PQ be the tower. 

Then AQP and PQ£ are right angles. 




Fio. 42. 

z Piig=30% and z PBg=18*. 
Then AQ^FQ . cot30^=PC x VST 

BQ=PQ. cotl8°=Pe • '^^^j^^i^ -- • (See Example xxxvi. 6.) 

Now Biy-Aiy^a''; 
10 + 2^5 






.-.pe' 



4.(2 + 2V6) _^. . 



.-. PQ= 



a 



^/(2 + 2V6) 
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(16) Let AB be the staff, the centre of the ring in the vertical 
line ABG^ D the extremity of the shadow ; then if DE be drawn 
touching the ring in E, DE will be the direction of the sun, and CE 
IB at right angles to DE, 

Let CE-^r, then ^B= JLi>=8r, and -4C=9r. 

and ^2)2 = CD* - CS«= 144r2 ; 

,\ED=l2r. 

9 1 

Hence tan^I>a=-5-, and tanGD^=r^ ; 



S 



.-. t8JiADE= 



12 



8 1 2 

1-1' 
96 



_4 
3 



.*. the sun's altitude = tan' ^ 




Fia 48. 



(17) Draw DM, EN perpendicular to 0J5, and let AB, BC, CA be 
represented by c, a, b. 




M N 

Fio. 44. 

Then CD^^CM^ + MD" 

9"^ 9 

CE^=CIP+NE* 

= -9"-*"9" 



B 



(Euclid, VI. 2, Ec 1.) 



DJ^= 



9' 



.•.CD» + C^+i)^=^%f+?^'=|(a2 + 6«)4c^. 
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(18) Let P be the place of observation ; 




Then BA =a, because i APB=^45% 
P^=a.cot30'*=aV3, 
aPBN-^126\ 

PB^+BN^-PIP 



Then cosPP^= 



or cosl36°= 



2PB.BN 



Hence »*- 



Fio. 4& 



2ax 
1 ^ a^-2a» 

. 1 ie*-4aV+4a* 
and.'. x=aV(3±V6). 



(19) Let P-4 be the first tower ; AC the moat ; ED the other 
tower. 

Draw EF parallel to DA. Let fe— height of BA. 

Then since z BEA= l BCA'^^46'', a circle can be described about 
ABEG, and since z B AC ==90"*, BC is th^ diameter of the circle, and 
therefore i BEC^90\ 

B Then CB^^CA^ + ^^^ = 2^^ 
andaB2=J?02 + ^52 

F =a2+c2 + (c + fe)2 + (fc-a)» 

Hence 
2^2=a2 + c2+c« + 2c;n-fc2+^8_2aA+a«; 

a2 + c2 




Fia. 46. 



.-. fc=' 



a-c 
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(20) 



sm30 



p » 




Fig. 47. 



/. ^C=100x 



V3-1 . 1 100(^3-1) 



2^2 • 2 V2 

50(V6-V2)«5176 . . . feet. 



(21) Since BC points to N.W. the l ^5C=45" ; 

.-. Zi4(7B«45%andJ(7=^^=10mile8. 




FiOk 48. 



Also, CB- slAC^-^AB^^ ^200:= 14-14 . . . miles. 

(22) Let CJ be a line from the end of the shadow in direction of 
the son, AB the wall, BC the shadow. 

Then tan ^05= ^-^=Q- 

/. tan JCjB=1125; 

or, ^CB=tan"i j-igs, which by the tables q' 
we find nearly equal to 48^ 22^. 




Fig. 49 
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(23) Let AB be the spire ; BT the tower ; Q the place of observation. 
Then ^J5CP=30%and z ^CP-32*. 

A 




CI P 

Fio. 50. 

Now AP^Tq . tan32**=200 x •6248694=124-97398 
J5P=PQ. tan30''=200 X -6773503 = 115-47006. 
.-. height/ of tower = 115*47 yards nearly, 
height of spire =9*503 yards nearly. 



(24) 



cos-8^a= 



324 



Hence, by the tables, l J5-4C=35*. 34'. 32^, 
and .*. L 5JLD=144°. 26'. 28". 
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3 ^-^^^^^^^ =5-71307... nnles. 



•3055106 




(25) zJ5^0=17'.44', 

A r> T>n sinl39^ 58' 
-^^=-^^-sinm44'' b" 

Hence, by the tables, Pio 52. 

.^ 840-5 X -6432332^ ,„ -hh- , , 

-^^^ — -3045872 — y»^=i^^^ ya^ ^^lyj 

.*. AB differs from a mile by about 15 yards. 

(26) z BCA = 180° - (50^ 20' + 110°. 120 = 1»°- 28' ; 

„^ . o sin50°. 20' 
• • ^^^^^•sSl9^28'• 

.-. logBC=log 2700 + L sin50^ 20' - X sinl9°. 28' 

= 3-4313638 + 9*8863616 - 95227811 

=3-7949443. 

Hence 50=6236-549 feet 




Next, if CD be the height of the monntain, 
CD=BCmnCBD, 

= 6236-549 xsinlO*. 7' 
=6236-549 X -1756531 
« 1096-47 . . . feet 
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(27) A 




Let EC^x feet 
Then \»SLA.EB^\»si!ijLEG - BEC) ; 

\x[iAEG- tajiBEO 



/. tanlO = 



l+tan^^CtaiLB^O 



/. 176327= 



6040 

X X 



H 



2400 



.-. -176327= 



20x 



a;^ + 2400' 
and solving this quadratic we get 
a =85-28, or 2814. 



(28) 



Let CP be the height of the hill. 




sin9 . 28' 

1760 X -0479781 
" -1644738 

=513'4 nearly; 

.-. CP=513-4xsinaiiP 

= 513-4 X -2116091 



108-64 . . . yards. 
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(29) Let AB be the tower, 8 the ship. 

A 




B S 

Fio. 56. 

Then B8=AB . cot A8B 
= 150x1-3613350 
=204'2 . . . feet. 



(30) tan-g ^yootj 



3226-77^^jgo^ 43'. 



9541-29 



A'-B 
Ztan— g— = 3-5086333 - 3-9796979 + 10*4700495 

« 9-9990849. 

A-B 
Hence — g— =44^ 56'. 20^, 

and^^-7lM7'; 

.-. ^=116M3'.20^,andJ5=26'*.20'.40*. 

., 6.sina o,^^^^ -6078379 

^^ ^=-SE5-=^^^^'^^^ 1437666 =4325-26. 

(31) z M5a=65'*^d z BSJ3i=er. 30'; 
.-. z &J5i8i= 180** - (55' + 62'.30') = 62^ 30^; 
.-. i^/8i=M=lmile. 

^ lxBin55'' ^ '8191520 

"sm62^30' -8870108 

= -923497 miles. ^ ^ ., 

Fio 57. 
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(32) From B^ the lower window, draw BB perpendicular to the tower 
AB \ fin)m D, the upper window, draw DC perpendicular to the tower. 

Then l AEB = 45", 

and z ^2)0=40°, 

and DC^EB^AB. 

.\DC=20+AC, 

=20+DC.ixji40\ 
20 ^ 20 
l-tan40'' It- '8390996 
20 




Fio. 6& 



DC= 



•1609004 



^124*3... feet. 



(33) A 




Let CD be the perpendicular breadth 
of the river. 

Now z J OB «= 180" - (SO** + 65°) = 65^ 

.-. AC=^AB^400 yards. 
Hence CD=^AC. sin50° 

=400 X •7660444=306-4178yards. 



Fig. 69. 



(34) Let ABy J C be the lines of the railways, D the point at which 
the train travelling 30 miles an hour is in 24 hours. 

The other train may then be at M or N, points on AB equidistant 
from P, and such that MD^DN'^&O miles. 

N B 




Fiaeo 
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Also, AD = 75 miles. 

Then smJLJ^2>=^5jL51H|5l?2!= A x -5783323 ='8674984. 

50 2 

Hence i AND = 60' . 10' nearly , 

.-. z^2>JV=84^30', 

, .,r 50xsin84^30' 50 x -9963962 49*7698100 ., 
and AN= — r ^_„ j.^. — = — ^^^^ = — ^^^ miles. 



.-. rate of train = 



sin35". 20' '5783323 

49-7698100 



•5783323 
^ 2}= 34*42284 . . . miles per hour. 



•5783323 

Next, I DMN= l AND^eO\ 10' nearly ; 

.-. I AMD = 1 19^ 50' nearly ; 

.'. z ^J[)Jkr= 24°. 50^ nearly, 

, .,-. ^D.sin^DM" 75 . sin24". 50^ .,« '4199801 ., 
and AM= —t—ttm^ — = -z-zttttto-^tzt- =75 x ,^^^^^^^ miles ; 



sinJ.MD 



sinll9°. 50' 



'8674984 



'4199801 
.'. rate of tw^in= 75 x,-^g=^^-f2J= 14*524 . . . miles per hour. 

(35) Let ^B be the base of 600 yards ; C the tree ; CD a perpen- 
dicular on AB. 

Thenz -4CB=180^- (52^ 14'+68°. 32*) 
==59^ 14'. 

A 
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NowCD=AC.BmCAD 
600 . sin^BO 



• sinCMD 



sin^CB 
600 . sin68°. 32^. sin52°. 14' 
^ sin59'. 14' 

600 X -93063 06 x '7906116 ^ ^^3..^^^ ^ 
•8592576 ^ 
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(36) Let AB be the tower ; C the first place of obsenration ; D the 
second place of observation. 

A Then ACT) and ABB are right angles. 
Now AG=AB . coaecACB 

= 100 X cosec50' = 130'54073. 
AD= V(300)* + (130-54073)» 

= V107040-127569 
=327*16 . . . 

sin I ^i>5=4^= J^ = -3056608. 
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AD 32716 
Hence i ADB= 17°. 47'. 50^. 




Fig. 63. 



Let 05 5= height of tower in yards ; 
tan48'. 20" =tan( JDC-5DC) 

x + 4 



X 



100 100 
10000 ' 



/. -0140605 = 



400 



10000 + {^8 + 4a; 
Solving this quadratic we get x= 134 yards 

nearly. 



(38) Let A be the object ; AB a vertical line meeting the horizontal 
plane through Cm B; D the point 300 yards up the lull. 

A. 




B C 

Fio. 6i. 

Then z BCA=29\ 12'. 40*= z CAD. 
zC2>JL = 16^ 

CD . sinl 6" 300 x '2766374 



Then C^ = ^ 



sin29". 12^. 40" 



•4880290 



= 169*4392 yards. 
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(39) At the end of three hours each engine has 
Let AB^ ^0 be the distances traversed. 
Draw AD perpendicular to BG, 
Then^5^J[)=25M0', 

and BD^AB . mnBAD 
=90 X '4252528. 
/. BC= 2 X 90 X -4262528 = 76*5455 . . . miles. 



over 90 miles. 
B 
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(40) Diagram as in Example (37) ; and a; = height of tower in feet. 

tmADB=-^:=l. 
150 25' 

ag+30 X 
.1 



150 150 



4500 



'25 a^+30) xa + 30a; + 22500. 

22500 
Solving this quadratic x=285 feet nearly. 



Examples— LVI. (p. 199). 

1. Area =2" | 10 x 12 x sin60' | square inches 

=(60 X ^jsquare inches =30^3 square inches. 

2. Area= Y 1 40 x 60 x sin30'* I square feet 

= (1200 X ~ jsquare feet = 600 square feet. 

3. Area=-2 | 4 x 3-t- | square feet=7i square feet. 

4. Area=\/« . («- a) . («- 6) . (a - c)= V8 x 3 x 2 x 3=4 x 3 

= 12 square inches. 

5. Area=\/l017 x 392 x 512 x 113=^9 x 113 x 8 x 49 x 8 x 64 x 113 

=(3 X 113 X 8 X 7 X 8)=151872. 
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6. Area= V644 x 135 x 375 x 34«Vl7 x 32 x 16 x 9 x 126 x 3 x 17 x 2 
= 17x8x9x26=30600. 



7. Area=V685 x 8 x 512 x 65= V6 Xl3x9x8x64x8xl3x5 

=6x13x3x8x8=12480. 

8. «.(«-c}= — ^ ^ — 

4 

4 
^2a& 

4 

=J=area of the triangle. 



„ . /146-27 41-21 48-75 

9. kj^^^ ——^^—^^— 



56-31 

X 



2 2 2 2 

.-. logarea=-l- j logl46-27 + log41-21 + log48-75 + log56-31-4log2 | 

=i- 1 2-1651553 + 1-6150026 + 1-6879746 

+ 1-7505855 - 1-2041200 I 

=3-0072990; 

.-. area= 1016-9487. 

10. Let a, &, c be in descending arithmetical progression ; 

thena + c=26. 
Thus the perimeter is 3&, and the side of an equilateraJ triangle of 
equal perimeter is 6. 

Then V«.(«-a)(«-6)(a-c)=|- • |- ' ^^- s^^^O', 
1 / 3 ^3 
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3 

V(6 + c-a)(a + 6-c) = -^ 



-J 



3«-a 3a::«^l(a+e) 
2 2 10^ ' 

10ac-3««-3c» 9 /a»|-f8) 
4 lOo'' ^ 

a 7 3 
Solying ihis quadratic we get — = — - or i=- 

Cut 

Hence the sides are proportional to 7, 5, 3. 

26c "2 ' 

and.-. ^ = 120*. 



ThencoB^=- 



11. Let AEB be the triangular part turned down. 

Then area of AEB^^AB . AE. 

2 
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But 4^=4I» ^y similar triangles ABB, BAG; 
AD 3\j 

/. area of AEB=^AB~^^— 

1 AB^ 



.{CD- AC) 

-,^.{ab-s/(ab^-bc^\ 



2 BO 
1 A& 
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«o A bc.mnA htimA.cmA amB.aanC a*mnB.tanC 



▼ fee ▼ « ▼ oft 

^aof + as + asj 

(f-g)(f--6)(f~c) a6c(g'i-6'i-c) 

_ f.(f>a)(f-5)(f-'C) _o 
g «• 

. abe 28, 

i 

-(6+c-a)(a+c-6)(a+6-c). 

Squaring both ndes^— 
aVc*-{a + (6-c)}{a-(6-«)}x{6 + (a-c)K6-(a-c)} 

>c{c+(a-6)}{c-(a-6)} 

• {a« - (6 - «)«}{6« - (a - c)«}{c* - (a - 6)«}. 

Now this equality can only exist when a—h—Cffoim any other 
case each factor on the right-hand side is less than the corresponding 
fieu^or on the left-hand side. 

„ B+C . B-C . B-C 
, . T> . /t 2co6— ^r—'Sin a sin ^ 

16 &~c^ sinB-BinC/^ 2 2 ^ 2 

a ** sinJ. -. . -4 -4 -4. 

2 sm-5- • cos-g- ®^ 2" 

.% (6 - c) cos-2-= a . sin — g— • 
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16. OA bisects L Ay and ^E at right angles ; 

.-. area FOE^FH. OH 

A . A 
= r cos— . r sin-^ 



5» 



«8.6c 




.'., by symmetry, 

r \ac ca ah) 



K 
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17. Area of quadrilateral 

^^UEA^AC).AB^{,EA^-AC)BA\fsaiA 

=}^'EC.BD.mnA 
2 

2 
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18. 



a*~ y siiiii . sJuBo' ain^ . sJnB- 6' siiiii . sulB 
2 'smiA-B)" 2 8in(^-£) 

_ o6 flin*^ - ab ean^Bah, an(A + B), «m(A 
2am(A'-B) ~ 2sm(^--B) 

_ ahsm{A+B) 
2 

ah.smC 



-B) 



2 



=area of triangle. 



19. 



JJ= 



2siiL^ V2 



^=-«-. 



4«6 

2 



a( 



a^ 



«-a 2a + c c aV2 V^' 



2 



— a 



.'. xfc^r^. 
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20. cot(5 - ui) + cotS^^ + -g ) =cot(5 - ^) + cot(2^ + 0) 

l + cot5.cot-4 , l-cot2^.cotO 
+ 



cot£ - cot-4 
1 + 1 



cot2J. + cotC 
1-0 



tanJ. - jC5ot4 cot2 J. + 
2 . 2taiLl 



tan^ — cot-4 1 - tan^^ 
2taiL4 2taiLl 



tan^ui-l l-tan^^ 



=0. 



2a5c 



il 



C 



a+6+c 2 2 2 



_ 2a6c A . (^ - g) / g . (g - 6) / ^ . (g - c) 

"a + ft + c'V fee 'V ac • V afe 

2afec t / 

^^TFTc • 5fe^ • V«. («-a)(«-6)(«-c) 

= V«. («- a) («- fe) (« - c) 
=area of triangle. 

22 8m2^(2a + c)« _^ Bin2.i . (2g )g 

32.C04 "32.^^' 

^ sm2^.feV 
l8.(«-a)^ 
sin2^ . 6V 



8 



©• 




_ feg. siD2J. ,„ . . ^ .9 . ^ <^ 
=* — 2 — = fe'*. sm-4 . cos^ = 6^ siDui . og 

=-S-fec.siiL4 
=area of triangle. 

.-. area X 32 cos*^ = sin2-4 . (2a + c)\ 
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23. 



AB—h.^mCy /., AD. 6 =6". sine 
A 
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.% -4i>(6 + f)«6«.Bin(7+c".8iiLB; 



'. AD= 



6+c 



24. (1) 



^i>«r. cot 



2 



CD=r. cot^; 




(5 rr\ 



/. r= 



a 



cot-2-+cotY 
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(2) From the preceding Example — 






a sin-Q • ^^~a 



TTbTIK 

8m( 2 ) 



2JB . Bin A . sin-^ • sin-^ 

: ji £ , by Art 221. 

cos^ 



(3) Let be the centre of the escribed circle touching BC and the 
other sides produced, as in diagram to Art 223. 

Then 5D=OJD.cot05JD=ri.tan^ , 
and aD«OD.cotOCD=ri.tan^. 



.-. ^i>+CT=rx(tan^ + tan^); 



a 



tan-^+tan-s"- , 

2 2 p,o.T2. 




(4) By the preceding Example — 

a , tibs-^ • cos-g- 

sm-g- 



2B , sinJ. . cos— . COS-5- 
cos- 

A-n A B C 

=4iC . sm— . cos-^- • COS-5- 
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(5) 



ri=4ft . sin— . cos-g • cos-g > 

ri«4jK . cos— . Bin-g- • oos-5-1 

.T> ^ jB (7 
r,=4/i.co8— -cosy •s^"©'' 

.. ri + r,+ri=4i«.cos— . (sin— •cos— + cos-^ '^"^"q ) 

^.p .A B C 

+ 4/5. sin-— . COS-5- • C0S-5- 

ss ^ ^ 

=4B . cos— . cos-^+ 412 . sin— . cos-q • cos-g- 

=2i2.(cos^ + l)+iJ.(cosB + cosC-cos^ + l) 

Ex. XLViii. 12. 
= 3i2 + iJ(cos^ + co&B + cosC). 



2i2BiiL^ . sin—- . sin— 
(6) B+r=B+ T by (2) 



cos 



2 



= -B + 4B . sin-— . 8in-;r- • sin-:r 
2 2 2 

= iJ.(l + 4sin^.sin-|.sin-2- 
— i2(cos^ + coaB + coaC). 



GSx. XLVIII. 8. 



25. Let r be the radius of the circle. 

Then area of inscribed polygon of 2n sides =nf^. sin— 

n 

nv^ 9/ir 

area of inscribed polygon of n sides = -^ • sin— ; 

2 ' n 

area of circumscribed polygon of n sides =n7^. tan— . 

n 
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M¥-«?)'<(-'-*-^) 



. IT 

o A, Sin — 

-77— • zBin — • cos — • ■ 
2 n n ft 

cos — 
n 

n 



= (nr».8in^y 



26. Let Oy Af be the centres of the inscribed and escribed circles. 

A 




Then MO^MA - OA 

A A 

=riCosec-— - r . cosec-- 

2 2 

= (ri-r)cosec— - 

= < 422 . sin— . cos-g- • cos-^- -4B.sin-3- • sin-^ • suiy \ cosec-- 

(By Ex. 24.) 

=4iC < COS-g- • COS-g- -SU^-o" • 8UI-0 ( 

and similarly for the other escribed circles. 
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(27) LetDJEFbethetmi^wfimed. 

So abo^ CD^^^ and ibiiOazly &r tiie^ 
tegmente of the oAer ndea. 




2 6+e a+c (a+c)(&-l-c} 

Similar ezpiesnaiis nu^ be obtaiiied fiir the anas of BZD, XFBL 



2abe.8 _^a « * 



(a+6)(&+c)(c+a) '6+c e-ta a+6 







. B . C 



maDBF 2 »m^ > amy gin^ 

"aieaJLBC ^-(> 27^3 3^' 

co o ^ »COB ^ 'CO B g 

»s.(s-c)+«.(s-a)+s.(«-() 
»«.{3s-(a+&+c)} 



KEY TO ELEMENTARY TRIGONOMETR Y. 153 

OQ BvnBAD BD 

^' anADB^AB' 

amABG^AC 
umACB AB 

.*. since vcoADB^voLAQBy 

tanBAB BD 
miABO~AC' 

.\ AC wiA=BD .wiB. 
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30« Let 0, P be the centres of the inscribed and one of the escribed 
ciides. 

Then OB and PB bisect the interior and exterior angles at jB ; 
and .*. OBP is a right angle. 

Hence OBPC is a qnadrilateral round which 
a circle may be described. 

Then OP^ OB . sec50P 

= OP.seaBC!P 

= OB . coseo-5- 

.A .A 

c.sin-^ c.sm-r- 

coe-^ 

» A . , A ^ , A 

e . sin— 2c . sin— 2a , sm-;r- 

. Qp^ 2 . ^^ ,2 ^ 

. C G sinC mr\A 




^2" * ^J ^"2 

Similaily 0P= -^ =-^- 



COflg cos-^ 
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,, A B C '•'^ 
31. r. oos-g- • cosec-g- • co8ec-2=^ ^, 



V he 



—r 



■^ (ko yf ab 



*J{s-a){8-b){S'~e) 
8_ giJT' 

'^ « * \/(«-a)(«-6)(«-c) 



32. tan2- + twi-2- + *wi-2 



„ /(8-c)(3-6) /(<-a)(3-c) /{s-b){s-a) 

(<-c)(<-6) (<--a)(g-c) (<-&)(<--o) 
£f "^ £f "*" iSf 

= ^- I (a+6-c).(a+c-6) + (6+c-a).(a+6-c) 

+ (a+c-6).(6+c-a) | 

=^| 2a6 + 2a(;+26c-a«-62-c2 | 
\a 6 c/ r 
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33. FA . BQ^BA .PC+AC.BP 

sinJ. sinC sulB 



(Euclid, vi. D.) 



and 



BG'BA' AG 
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.\FA, 9xaA ^PC . BmC+PB . bIiiB. 



34. Each of the angles at 0^120\ 

Let OA, OB, OC be represented by di, dt, dp, 

(?^df + 42 - Uidt . COS120'* ; 

.". c= fJdi^+di^ + didt. 
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Similarly for a and b. 

Also, area=(^ + ^»+^) sinl20- 

^^.(didt+dA+dA)' 
4 
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35. Let OA^a, OB^b, OC^c\ i OBA=^0, and let x be the side 
of the squaie ABCD. 

ThenzOJ5O=90*-^, 

and a*=a? + 6" - 2&C cos^ ; 
c2=a?+6a-26x8in^; 

Pro. 7d. 2fta sin^ = 05* + 6* - c*. 

Squaring and adding these equations, 

462x2=aJ* + 2(6* - a V + (&* - a*)^ + aJ* + 2(6^ - c V + (^ - c^^ 
/. 2a^ - 2(a2 + c»)x> + (a« + c«)2 = 2(a26» + aV + 6 V - 6*), 

and »=V -^ I a« + c«± V4(a262 + aV + ft^c^ - ft*) - («» + (^\ 

(Gaskin's Solutions of TrigonometriccU Examples.) 

36. Let ABC be any triangle described about a circle. 

A 




B C 

Fig. 80. 

Then area of ABC^Bxe& of AOB+ area of BOC+ area of A OC. 
.-. areaof ^^C=-2-.»'c + -2Ta+-^. 

.*. since r is constant, 
area of -450«(a + 6 + c). 
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37. 



y= GF =6. sm^; 
** /3y~"6c.siiL4.sm^"~a^ 




Siimkrly^ = ^; and 4-^5 

ay br ' ap C' 

•• /3y'*'ay'*'ci/3'~a«"*"P'*"'?' 



38. Let .^ be the observer on the sea-shore, the earth's centre, 
BO the mountain whose height - 1284*8 yardss»'73 miles. 

Then since C is just yisible from A, 

AO is a tangent at A, 

Join OA and produce it to D, making AB^^ 
miles ; then z DO^ wangle of depression of C from 
i>=2M6'. 

Then ^0=3. cot2M6' 
log ^0= log 3 + X cot2^ 16' - 10 

« -4771213 + 11-4067168 - 10 
= 1-8828381; 
.-. ^0=76-3661. 
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Let OJ., the earth's radios, »r ; 

.-. ^02=BO(2r+JBC) = -73(2r+-73), 

and log (2r + •73)=2 log ^C-log •73=3-9023533 ; 

/. 2r+ •73=7986-4; 

.-. r= 3992-835 miles. 
(Gaskin's iSfoZtttiotu 0/ Tri^orMinMiiTioaX Examples,) 

39. Let ABC he the triangle, CO=^h, BO^a, 

L BAD^Oy and .-. z CLiD=60° - 6. 
Let AB:=x. 
Then scsin^^a, 
a;sin(60°-^=6; 
sin(60°-^) ^6 
sind a ' 

. V3 .>, 1 h 
.,^.cot^-_=^. 

.^ 36 + a 
.-. x=a.coBecfl=V^a.+^+y + «''^av/g±|±g (Cteskin). 
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^B=^2)+DJ5=3DJf, 

.-. BE=AB^3DB; 
.-. DE=BE+DB=4DB. 
Then, by Euclid, vi. L 
A GB2) : A^GD : A^BO : A CDJ^ 
=I>B :AD:AB:DE 
«=1 :2 :3 : 4. (Qaskin). 
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41. 



jB.8iiL4=|-,byArt. 221; 
/. iJr. (sin^ + smjB+sinO) 

-■(^) 

=area of the triangle 



42. The circles have the same radios because jB= r-r 



2sinjB 



In the example given, sin50°. 16'= -7688418 ; 

664 



.*. jR: 



1-6376836 



=366-785. 



43. Call the angles x,l±y, "^ , ^. 

, . sc + 2y 
anda;+ — 0-^=^ 

.M4a; + 15y=12ir) 
3x + 2y=2jr ) ' 
„ 67r , 8ir 

Hence «==Y7 and ^ ==17 5 

.-. the angles are ^, ^, ^, ^ 



44 (l + cotPa^)« _ 
• (l+cotPCJ5)«"" 



^*%) 



( 

~(PJlf+CM)2 

_ opg-2CJV.pjy 

_ CN.CD-2CN,PN 

CN.CD + 2C]Sr,PN 
_CO--PN_ CB-CM BM cotPgJ. 

CO + PN AC+ CAC^AM^cotPAB ' 




M B 
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45. r+Ta+rj-ress — H h 



< «-a %—h 8-c 



- a) . 8. (s-c-s+b) 

\ T ; TT^ N — 



8,{8-a) («-6)(«-c) 
^ 8,(h+c) ^ 8.(b-c) 
8,{8-a) (8-b)(8-c) 

^g \ b.{{8-b)(8-'C)+8.(8-a)} + c{{8-b){8-c)-8.{8-a)} ) 

b{2^-'8.(a + b + c) + be} + c{-8(b+e-a) + bc} 

a 



8 



e 

'28 



|26a-(6+c)«+a«+26c| 



46. Let C be the right angle ; then, by Art 223, 

a c+b—a , 

o= — o — 'r, and 

« c+g-ft , 

.'. flP= — ^:i — - • r/ 
4 

= ^^ •Tr ~-=-fT'=o,fr J 




FiQ,8&. 



47. E 




FicK 87. 



Using the notation of Art. 228, 
0£»4000 mUes, 
OE-=OB .BOO. V.6^. 10" 
=4000 X 1-005910 
=4002-364. 
.•.^j&= 2-36... miles. 
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48. Using the notation of Art. 228, 

sec ^OB=^^?5=1-0003126, 
4000 

and, by the Tables, sec \\ 26'= 1-0003130. 

Hence dip of horizon =1°. 26' nearly. 

49. Let A be the man's eye ; B the lamp ; C the centre of the earth. 

Then -4D + DJ5=52800 feet. 
And, if the radius of the earth be U feet, 

^1)2=6(212+6), 
5i)2=32(2-B + 32). 

B 
D ^ 
A 




Fig. 88. 

Henoe, approximately, Vl2iJ + \^64iJ = 52800, 
or, V22.(4 + V3) = 26400, or, V-Bx 13=26400(4-^3).; 
. ^^2J400x26^^^^^ 

13 X 13 X 1760 X 3 

50. In 72 minutes the ship travels 12 miles. 
Then using the notation of Art. 228, 

Bl^=CE,EAy 

144=( O^ + ^tt^tt:;) 



5280/ 5280 

= CA . -=Trr^^ nearly ; 
5280 ^ 

... C^ = lii^^=:16x 528=8448. 

.'. radius =4224 miles. 
L 
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61. Using the notation of Art 228, 

on. FOR ^^ ^^^ 

/. X coB-KOB = 10 + log 3956 - log 3959 

•= 10 + 3-6972563 - 3-6975866 

-« 9-9996708. 

Whence, by the tables, 

^0-B=2M3'. 60^ 



62. Let r be the ladins of a section of the earth, made by a plane 
through its centre perpendicular to the line joining its centre with the 
son's centre. Then if ^ be the circular measui-* of the angle sub- 
tended by r at the sun's centre, and d, be the distance between the 
two centres, 

f 

-^=tan^=^ nearly, since ^ is very smalL 

r_ 8-868 

d "57-29577x60x60* 



• • 



, , 57-29677 x 60 x 60 x 4000 

8-868 

206264772 



2-217 



930377861 . . . miles 



63. Using the same notation as in Ex. 52, 

^ A 4000 
241118* 

/. £ tan^=10 + log 4000 -log 241118 

- 10 + 3-6020600 - 5-3822296 
>» 8-2198304. 

Hence, by the tables, 

^«5r. l"-5-nearly. 
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54. Let ^, J3 be the two points ; then ^£ is a tangent at its middle 
point D to the earth's surface. 

^D -D^ nearly » 4 miles, 



^^a 10 feet-* 



10 



5280 



miles. 



Let (7 be the earth's centre, and CD^r. 
Then AE(2r + AE) - AD^. 
.*., approximately, AE . 2r*^Al}^ ; 
16 X 5280 



.'. r' 



10x2 



— » 4224 miles. 




55. The limit of deviation is the angle subtended by the radios of 
the target at a point 600 feet distant, and if this angle be denoted 

tand«--j 
600* 

/. tf^tan'^wS. 



56. Regard the moon M as the base of a cone of which E, the eye 
of the obserrer, is the vertex. Then iSf, 
the shilling, will intercept all the rays 
of light from Af to Ej when it is so near 
to 8 that lines from E to the circum- p. 
ference of S do not, when produced, fall 
within the circumference of 3f. 




Fia. oa 



7B0MA8 AND AACHIBALD COOTTABUtj PRIltTkfiH TO HIR MAJnTTT. 



3, Waterloo Plac^, Pall Mall, 
January^ iSSj. 



€tiueational ^otlk^; 



PUBLISHED BY 



Messrs. RIVINGTON 



New Books in prkparation 
And in the press. 

A Handbook in Outline of the Political History of 

England to 1881. Chronologically arranged. By Arthur H. 
D. AcLAND, M.A., Christ Church, Oxford^ a«^ Cyril Ransome, 
M.A., Professor of Modem Literature and History ^ Yorkshire 
College J Leeds, Crown Svo. 6s. \yust published. 

This book contains a continuous Chronological Outline of English 
History from the fifth century to October, i88i. In the Appendix are 
given Lists of Ministers before Queen Anne, and Tables of the Members 
of the House of Lords and the House of Commons, with their numbers 
and distribution at various times. 

It is thought that the Book may be found useful to the general reader as 
a companion to larger volumes of Political History and Biography, as well 
as to teachers of English History who need an outline or syllabus upon 
which to lecture. 

The General Outline of the last half century contains, it is believed, a 
sufficiently full account of modern events and Ministries to make this 
portion of the book available for those who, while interested in politics, 
have not time to consult larger books, and often want some companion to 
the newspaper or magazine article to clear up points where there may be an 
occasional haziness, and to show the exact position and surroundings of 
modern historical events. 



Cc-5a4] WATERLOO PLACE, LONDON. 



MESSI^S. RIVINGTON'S 



New Books in PreparatioxL and in the Pre — eotUimmL 
Essays on Philosophical Subjects. B}f W. L. Courtney, 

M. A., Fellcnv and Tutor of New College, Oxford. 

Contents. — Ionic Physics and Italic Metaphysics — Epicurus— A Chapter in the 
History of "Cause*— The Failure of Berkleiau Idealism—" Back to Kant"— Kant as 
Moralist and as Logician— The New Psychology — The New Ethics — The Hegelian 
Religion. [/« tlu Press. 

Goethe's Faust, part I. Text, with English Notes, Essays, and 
Verse Translations. By E. J. Turner, M.A., and E. D. A. 
MoRSHEAD, M.A., Assistant-Masters at Winchester College. 
Crown ^0. "js, 6d. [T^^l Published. 

Bacon's Essays. Complete Edition, Edited by Y, Storr, M.A., 
Chief- Mas^ of Modern Subjects in Merchant Taylor^ School, and 
late Assistant' Master in Marlborough College. [/n Preparation. 

Introduction to Greek Verse Composition. Zfy Arthur 

SiDGWiCK, M.A., Tutor of Corpus ChrisH College, Oxford; late 
Assistant' Master at Rugby School, and Fellow of Trinity College, 
Cambridge; and¥. D. Morice, M.A., Assistant- Master at Rugby 
School, and Fellow of Queefis College, Oxford. [/n preparation. 

The Jugurtha of SallUSt. ByY.. P. Brooke, M.A., Assistant- 
Master at Rugby School. [In preparation. 

ECClesia Anglicana. a History of the Church of Christ in 
England from the earliest to the present times. By Arthur 
Charles Jennings, M.A., Jesus College, Cambridge ; Vicar of 
Whittlesford, Croitm %vo. ^s. 6d. \jfust published. 

Livy. BOOK II. Edited, chiefly from the text of Madvig, with 
Notes, Translations, and Appendices. By Henry Belcher, M. A., 
Master of the Matriculation Class, King^s College School, London, 
Small wo. y. 6d. [Just published. 

Lectures in Latin Prose, with Illustrative Exercises. 

By G. Granville Bradley, M.A., Master of University College, 
Oxford, and formerly Master of Marlborough College. 

[In preparation. 

A Progressive Latin Translation Book. By H. R. 

Heat LEY, M.A., and H. N. Kingdon, B.A., Assistant-Masters 
at Hillbrow School, Rugby, [In preparation. 



WATERLOO PLACE, LONDON. 



EDUCATIONAL LIST. 



Vew Books in Preparation and in the TrenM—continuid, 
A Syntax of Attic Greek for the use of Students 

and Scliools. By F. E. Thompson, M.A., Assistant- Master 
at Marlborough College. Crown Svo, [In the Press. 

A Second Latin Reading Book. Forming a continuation of 
Easy Latin Stories. By G. L. Bennett, M.A., Head- Master of 
the High School t Plymouth, Crown ^o, [In preparation. 

Selections from Thucydides. An Easy Greek Reading Book. 
By E. H. Moore, M.A., Assistant- Master at the High School^ 
Plymouth, [In preparation, 

Arnold's First Greek Book. By Francis David Morice, 
M.A., Assistant- Master at Rugby School, and Fellow of Queen'' s 
College^ Oxford, A New and Revised Edition, Crown ^o, 

[In the Press, 

Essays on Aristotle. Edited by Evelyn Abbott, M.A., LL.D., 
Fellow and Tutor of Balliol College, Oxford, 

A Short History of England for Schools. By f. York- 

PowELL, M.A., Lecturer at Christ Church, Oxford, With Maps 
and Illustrations. Small S/vo. [In the Press. 

A Latin-English Dictionary for Junior Forms of 

Schools. By C, G. Gepp, M.A. i6mo, [In the Press, 

Introduction to the Study of Greek Antiquities. 

Edited by], S. Re ID, 'LL.M., Fellow and Assistant -Tutor of Gonville 
and Caius College, Cambridge; Classical Examiner in the University 
of London, [In the Press, 

History of the Romans to the Establishment of 

Imperialism. By], S. Reid, LL.M. [In preparation. 

A Geography, Physical, Political, and Descriptive, 

for Beginners. By L. B. Lang. Edited by the Rev. M. » 
Creighton, M.A., late Fellow and Tutor of Merton College, 
Oxford. With Maps, Small Svo. 

Vol. II.— the CONTINENT OF EUROPE. [In the Press, 
Vol. III.— ASIA, AFRICA, AND AMERICA. [In preparation. 

Study of the Church Catechism. Adapted for use as a 

Class Book. By C. J. Sherwill Dawe, B.A., Lecturer and 
Assistant- Chaplain at St. Mark^s College, Chelsea, Crown ^vo. is. 
Cloth limp, is. 6d, [^ust published. 



WATERLOO PLACE, LONDON, 



MESSKS. RTVINGTOrPS 



KEYS 

KEYS marked A are published to the following Educational 
Works y&tr the use of Tutors only. They can only be obtained 
by direct application to the Publishers, who will send a printed 
Form, to be filled up by the Tutor requiring tiie Key. They 
cannot be supplied tiirough Booksellers. 

Mctt PnoB 
^V of tnc Key* 

«. «1 

6 
o 
o 
o 
o 
o 
o 
o 
o 
o 
6 
o 
o 
o 
6 
6 
6 
6 

o 
6 



Arnold's 



Abbott's Arnold's Greek Prose Composition .... 3 

Bennett's First Latin Writer 5 

Second Latin Writer 5 

Easy Latin Stories for Beginners .... 5 

Bradley's Arnold's Latin Prose Composition .... 5 

Gepp's Arnold's Henry's First Latin Book .... 5 

Exerdses in Latin Elegiac Verse .... 5 

Sidgwick's First Greek Writer 5 

Greek Prose Composition 5 

Henry's First Latin Book I 

Supplementary Exercises ..... i 

Second Latin Book a 

First Verse Book I 

Latin Verse Composition 2 

Longer Latin Exercises. Part IL . . .2 

Latin Prose Composition. Part I I 

First Greek Book ....... i 

Greek Prose Composition. Part I I 

AND Dallin's Materials and Models for Latin Prose 
Composition. Latin Version. 116 Selected Pieces 5 
Greek Prose Composition. Greek Version . . 7 

B 

Keys to the following are sold to the Public u*ithmtt restriction : 



Sargent 



Arnold's 



First German Book 
Second German Book 
First French Book 
First Italian Book 
First Hebrew Book 



2 

I 

2 

I 

3 

Smith's (J. Hamblin) Elementary Algebra .... 9 

Arithmetic 9 

Exercises in Geometry g 

— Statics and Hydrostatics 6 

Trigonometry y 

, Latin Prose Composition 5 



6 
o 
6 
6 
6 
o 
o 
6 
o 
6 
o 



WATERLOO PLACE, LONDON. 



.] EDUCATIONAL UST. 



ENGLISH 

Select Plays of Shahspere. rugby edition. 

With Introduction and Notes to each Play, Small $vo. 

As You Like It. 2s. King Lear. 2s. 6d. 

Hamlet. 2s. 6d. Macbeth. 2s. 

Romeo andJuliet. 2s, , King Henry the Fifth. 2s. 
A Midsummer Night's Dream. 2s, 

Edited by the Rev. C. E. Moberly, M.A., formerly Scholar of Balliol 
College^ Oxford, 

CoriOlanuS. 2s, 6d. Edited by Robert Whitelaw, M.A., Assis- 
tant-Master at Rugby School, 

The Tempest. 2s. Edited by J. SuRTEES Phillpotts, M.A., 
Head' Master of Bedford Grammar School, 



Second Edition, Small ^vo, 2s, 6d, 

The Rudiments of English Grammar and Com- 

position. By], Ha^blin Smith, M.A., of Gonville and Caius 
College, and late Lecturer at St, Peter's College, Cambridge, 

"This book is intended to give, first, a simple account of the elementary facts of 
English grammar, so far as they relate to the construction of sentences ; and, secondly, 
a short sketch of the fundamental principles of English composition. In fixing the limits 
of the work, I have been guided chiefly by the requirements of the University of Cam- 
bridge in the local cxanninations. "— £xtraci yrom the Pre/ace. 

Small 8iz/o, is. 6d, 

The Beginner's Drill-booli of English Grammar. 

Adapted for Middle Class and Elementary Schools. By James 
Burton, B.A., First English Master in the High School of the 
Liverpool Institute, 

Small Sfvo, 2s. 6d. 

Short Readings in English Poetry. Arranged, with oc 

casional Notes, for the use of Schools and Classes. Edited by H. A. 
Hertz. 

Small &V0, 2s. 6d, 

A Practical English Grammar. For the higher forms of 

Schools, and for Students preparing for examinations. By the 
Rev. W. Tidmarsh, B.A., Head- Master of Putney School, 



WATERLOO PLACE, LONDON. 



JUESSXS. RIVINGTON'S [XNaUBE. 



ENGLISH SCHOOL-CLASSICS 

With Introductions y and Notes at the end of each Book, 
Edited by FRANCIS STORR, M.A., 

CHIBP MASTER OP MODERN SUBJECTS AT MERCHANT TAYLORS* SCHOOL. 

Small Svo. 

Thomson's Seasons : Winter, with introduction to the Series, 
by the Rev. J. Franck Bright, M.A., Fellow of UniversUy 
College^ Oxford, is. 

Cowper'S Task. Bj, Francis Storr, M.A. 2j. 

Books I. and II., gd. ; Books III. and IV., gd. ; Books V. and VI., gd. 

Cowper'S Simple Poems, with Life of the Author. 

By Francis Storr, M.A. is. 

Scott's Lay of the Last Minstrel- Byj. Surtees Phill- 

POTTS, M.A., Head' Master of Bedford School. 2s. 6d. 
Canto I., gd. ; Cantos II. and III. gd. ; Cantos IV. and V., gd. ; Canto VI., gd. 

Scott's Lady of the Lake. By R. W. Taylor, M.A., Head- 
Master of Kelly College, Tavistock. 2s. 

Cantos I. and II., gd. ; Cantos III. and IV., gd. ; Cantos V. and VI., gd. 

Notes to Scott's Waverley. By H. W. Eve, M.A, Bead- 
Master of University College School, London, is.; or with the Text, 
2s. 6d. 

Twenty of Bacon's Essays. By Francis Storr, m. A is. 

Simple Poems. Edited by W. E. Mullins, M.A, Assistant- 
Master at Marlborough College. Sd. 

Selections from Wordsworth's Poems. By H. H. 

Turner, B. A., late Scholar of Trinity College, Cambridge, is. 



WATERLOO PLACE, LONDON. 



J EDUCATIONAL UST. 



Wordsworth's Excursion : The Wanderer. By H. H. 

Turner, B.A. is, 

Milton's Paradise Lost. By Francis Storr, M. a. Book I., 
9^. Book II., 9^. 

Milton's L' Allegro, II Penseroso, and Lycidas. By 

Edward Storr, M.A., late Scholar of New College, Oxford, is. 

Selections from the Spectator. By Osmond airy, m.a., 

Assistant-Master at Wellington College, is, 

Browne's ReligiO Medici. By W. P. Smith, M.A., Assistant- 
Master at Winchester College, is, 

Gpldsmith's Traveller and Deserted Village. By c. 

Sankey, M.A., Head-Master of Bury St. Edmund's Grammar 
School, IS. 

Extracts from Goldsmith's Vicar of Wakefield. By 

C. Sankey, M.A. is. 

Poems selected from the Works of Robert Burns. 

By A. M. Bell, M. A., Balliol College, Oxford. 2s. 

Macaulay's Essays. 

MOORE'S LIFE OF BYRON. By Francis Storr, M.A. gd, 

BOSWELUS LIFE OF JOHNSON. By Francis Storr, 
M.A. gd, 

HALLAM'S CONSTITUTIONAL HISTORY. By H. F. 
Boyd, late Scholar of Brasenose College, Oxford, is, 

Southey's Life of Nelson. By w. e. mullins, m.a. 

zs, 6d. 

Gray's Poems. Selection from Letters, with Life 

by Johnson. By Francis Storr, M.A. is. 

*»* The General Introduction to the Series will be found in Thomson's Winter. 



WATERLOO PLACE, LONDON, 



8 MESSSS. RIVINGTON'S [HXSXOBT. 



HISTORY 

With numerous Maps and Plans, New Edition^ Revised, Crown 8zv. 

A History of England. By the Rev. J. Franck bright, m. a. , 
Master of University College^ and Historical Lecturer at Balliol, New^ 
and University Colleges^ Oxford; late Master of the Modem School 
at Marlborough College. 

Period L— MEDIAEVAL MONARCHY: The departure of 
the Romans, to Richar4 III. From A.D. 449 to A.D. 1485. 
41. dd. 

Period II.— PERSONAL MONARCHY : Henry VII. to 
James II. From A.D. 1485 to a.d. 1688. 51. 

Period III.— CONSTITUTIONAL MONARCHY: William 
and Mary, to the present time. From A.D. 1689 to A.D. 1837, 
7J. td. 

Extract front the Regulations for the Army Examinations. 

" At the competitions for the Military College, Sandhurst, the Academy, Woolwich, 
ice., the examinations in English History will be limited to the periods a.o. 1760-1790, 
and 1790-1830. 

« m^m f he candidates reading on the period selected should include the study of that 
port of Briffht's History which treats of the period he selects." 

IVith Maps and Illustrations, Small %vo. 

A Short History of England for Schools. By 

F. York- Powell, M.A., Lecturer at Christ Churchy Oxford. 

[In the Press. 

With Forty Illustrations, i6mo, 2s, 6d, 

A First History of England. By louise creighton, 

Author of ''Life of the Black Prince,'' ''Sir WalUr Ral^h;' 6fc. 

" This is a neat, well-written little volume of about four hundred ps^es, in which the 
whole story of English history is told in a succinct but interesting Mray. -^Atheneeum. 

"I'his is one of the most satisfactory of the many histories of England lately published 
for schools. Mrs. Creighton has spared no pains to make their earliest lessons in English 
history in every way attractive to little chWAren."— Academy. 

** This is really a charming little volume." — JoHrtial o/EducatioH. 

"The book gives a pleasing summary of the more striking events, and is written in 
simple and familiar language. Forty illustrations (which we are told are from ' authentic 
sources ') brighten up the narrative and attract by their occasional quaintness. The book 
contains 383 well-printed ps^es, and there is a carefully prepared index." — Schoolmaster. 

"The style is so simple, that the book cannot fail to be understood by any child who 
can read ; and at the same time, the crucial and decisive events of our history are treated 
widi an adequate appreciation of their imi>ortance, and their causes and consequences 
clearly set forth. The interest of the book is increased by numerous illustrations, many 
of which are reproductions of old designs."— >SVi7/jmAi». 

" It is well and carefully written, and the illustrations are numerous and authentic." 

School Gttardian. 

WATERLOO PLACE, LONDON, 



.] EDUCATIONAL LIST. 



Historical Handbooks. Edued by oscar browning, 

M. A., Fellow of Kin^s College^ Cambridge, 

Crown Svo, 

English History in the XlVth Century. By Charles 

H. Pearson, M. A., lale FelUrw of Oriel College^ Oxford, y. td. 

The Reign of Lewis XI. By p. F. Willert, m.a.. Fellow of 

Exeter CM^^ Oxford, With Map. y, 6d, 

The Roman Empire. a.d. 395-800- By A. M. Curteis, 

M.A. With Maps. 3^. 6d, 

History of the English Institutions. By Philip v. 

Smith, M.A., Fellow of King's College, Cambridge, y, 6d, 

History of Modern English Law. By Sir Roland Knyvet 

Wilson, Bart., M.A., laie Fellow of Kin^s College, Cambridge, 

History of French Literature. Adapted from the French of 

M. Demogeot, by C. Bridge. 3^. td, 
(Recommended by the Intermediate Education Board for Ireland.) 



History of the Romans to the Establishment of 

imperialism. By J. S. Reid, LL.M., Fellow and Assistant- 
Tutor of GonvUleand Codus College^ Cambridge; Classical Examiner 
in the University of London, 

\In preparation. 

This work is intended to be used by the higher Fonns in Public Schools, and by Junior 
Students in the Universities. It aims at exhibiting^ in outline the growth of the Roman 
national life in all departments. Military history will not be neglected, but attention will 
be particularly directed towards the political and social changes^ and the development of 
law, literature, religion, art, science, and social life. Care will be taken to bring the 
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M.A., LL.D. 

piliese questions refer to the works in English Literature and theperiods in English 
History selected by the Civil Service Commissioners for the Army Examinations to be 
held in the year 1881. Copies of the questions on these subjects for 1880 are still kept 
on sale.) 

Second Edition, Revised, Crown ^0, *js, 6d. 

History of the Church under the Roman Empire, 

A.D. 30-476. By the Rev. A. D. Crake, ^. A,, Rector of Haven 
Street, Ryde, 

New Edition, iSmo, is, 6d, 

A History of England for Children, ^^georgedaws, 

D,D,, formerly Bishop of Peterborough, 



WATERLOO PLACE, LONDON. 



80XIMOB.] EDUCATIONAL UST. ti 



SCIENCE 

Crown %vo. 2s. 6d, 

Elementary Course of Practical Physics. By k,u. 
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Crown S^o. 6s, 

The Principles of Dynamics. An Elementary Text-book 
for Science Students. By R. Wormell, D.Sc, M.A., Ifead- 
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Syntax illustrated by copious Examples, and projgjessive Exercises 
in Elementary Latin Prose, wim Vocabularies. By G, 'L, 
Bennett, M. A., Head-Master of the High School^ Plymouth, 

A Key for the use of Tutors only. Crown diz/o. $s. 

Contents. — Prepacb — ^Accidbnce— Exkrcisbs on the Syntax (270) : The Simple 
Sentence ; Tlie Compound Sentence : A4iectival Claases, Adverbial Clauses, Substantival 
Clauies — Latin-English Vocabulary — English-Latin Vocabulary. 

Crown Svo, 2s, 6d, 

First Latin Exercises. Being the Exercises, with Syntax 
Rules and Vocabularies, from a '* First Latin Writer." By G. L. 
Bennett, M.A. 

Crown S7/0. IS. 6d. 

Latin Accidence. From a "First Latin Writer." By G. L. 
Bennett, M.A. 

rative, he fails^ of course^ to recognise. 
We cannot sPeeJt too strongly of this little 
workt and we say to every classical teacher^ 
if you introduce this work into your junior 
classt you will require no other work 
throughout till you come to the fifth or 
sixth fomiy and perhaps not even then. 
The Iwok has our unqualified approbation. 
We ought to mentioutfor the sake of those 
who may think of using the worn, that 
there are two sets of vocabularies ^ 'which 
obviate the necessity of having recourse to 
any Latin Dictionary. " — Schoolmaster. 



" The book is a perfect model of what a 
Latin Writer should be, and is so gradu- 
ated that from the beginning of a boy's 
classical course it will serve tum through- 
out till the end as a text-book for Latin 
prose composition. The exercises, too, are 
so interesting in themselves, and take uj^ 
the different idiomatic peculiarities tn 
such an easy and natural way that the 
pupil almost insensibly^ comes to be master 
ojthem, without having them glaringly 
thrust upon him in little detached sen- 
tences, which, when mixed up in a nar- 



Second Edition. Crown ^0, y, 6d, 

Second Latin Writer. ByC, L. Bennett, M.A., Head-Master 

of the High School^ Plymouth, 

This work, in continuation of the First Latin Writer, gives hints on writinf!^ Latin Prose 
for Boys about to commence the rendering of continuous passages from English Authorg 
into Latin. There is a large Collection of Exercises, graduated according to their diffi- 
culty, with Notes. 

A Key for the use of Tutors only. Crown $vo. $s. 



" This is one of the best introductions 
to Latin prose composition we have seen. 
The introductory remarks, the chapter on 
the Mtalysis of the Latin sentence, the 
observations on style, the table of miscel- 
laneous idioms, and the collection of exer- 
cises for prctctice, furnished with notes to 
assist the student in points which present 
difficulties, are all excellent. The pas- 
sages used for translation into Latin art 
specimens of continuous narrative, and 



are well adapted to be taken up by the stu- 
dent who hasjust gone through the ordinary 
Latin exercise books." — Schoolmaster. 

" Mr. Bennetts Second Latin Writer 
will be, or should be, of very great ser- 
vice to students who have acquired a fair 
mastery over the rudiments of the lang' 
uage. The student who honestly itforks 
through this book will have acquired a 
very great degree of facility tn Latin 
prose. — Scotsman. 
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New Edition^ reinsed. Crown 9iuo. 2s, 6d, 

Easy Latin Stories for Beginners. By g. l. bennett, 

M.A., Head' Master of the High School, Plymouth, With Notes 
and Vocabularies. Forming a First Latin Reading Book for Junior 
Forms in Schools. 

A Key for the use of Tutors only. Crown Svo. 5^ . 

Small $vo, 2s, 

Selections from Caesar. The Gallic War. Edued, 

with Preface, Life of Caesar, Text, Notes, Geographical and Bio- 
graphical Index, and Map of Gaul, by G. L. Bennett, M.A., 
Head-Master of the High School, Plymouth, 

Crown %vo, is, 6d. 

First Steps in Latin. By F. Ritchie, M.A., Asststant^Master 
cU the High School, Plymouth, 

•* Thanks for Ritchie s * First Steps in Latin* In my judgiiunt it is much sounder 
and better than anything else you have published for young children learning Latin" 

J. G. Cromwell, 
St. Mark's College, Chelsea. 

Small Svo. is. 6d, 

Gradatim, An Easy Translation Book for B^;inners. By H. R. 
Heatley, M. a., and H. N. Kingdon, B.A., Assistant-Masters at 
Hillbrow School^ Rugby, 

The aim of this book is to provide translation for boys immediately on beginning Latin. 
With this view care is taken that the beginner encounters no difficulty of Grammar or 
Syntax without due warning. 

Crown Svo. is. 6d, 

The Beginner's Latin Exercise Boo/i. Affording Practice, 

oral and written, on Latin Accidence. By C. J. Sherwill Dawe, 
B. A., Lecturer and Assistant Chaplain at St, Marks College^ Chelsea, 

New Edition. Crown Sfvo, 2s, 6d, 

Latin Prose Exercises. For Beginners, and junior Forms of 
Schools. By R. Prowde Smith, B.A., Assistant-Master at 
Cheltenham College. 

Crown Svo, On a card, gd. 

Elementary Rules of Latin Pronunciation. By 

Arthur Holmes, M.A., IcUe Senior Fellow and Dean of Clare 
College, Cambridge, 

WATERLOO PLACE, LONDON. 
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LQtin I BXt8, For use in schools, &c. In sHtched wrapper, 

THE AENEID OF VERGIL. Books I. IL III. IV. V. VII. 
VIIL IX. 2d, each. Books VI. X. XL XIL 3*/. each. 

THE GEORGICS OF VERGIL. Books L-IV. zd, each. 

THE BUCOLICS OF VERGIL. 2d, 

VBrgil. The Bucolics, Georgics, and ^Eneid in One Volume. Cloth 
2s, 6d, 

CAESAR DE BELLO G ALLICO. Books I. V, VII. VIIL yl, each. 
Books IL IIL IV. VL id, each. 

Caesar De BellO QalliOO. in One Volume. CMA, IS, 6d. 
Fifth Edition^ Revised, Crown 9fVo, 3^. 6d, 

Progressive Exercises in Latin Elegiac Verse. 

By C. G. Gepp, M.A., late Head-Master of King Edward VI, 
School^ Stratford-upon-Avon, 

A Key for the use of Tutors only. 8z/^. 5^. 

Twelfth Edition. i2mo, 2s, 

A rirSt verse DOOH, Being an Easy Introduction to the Mechan- 
ism of the Latin Hexameter and Pentameter. By Thomas Ker- 
CHEVER Arnold, M.A. 

A Key for the use of Tutors only. i2mo, is. 
Crown Svo, y, 6d, 

An Elementary Latin Grammar. Byj, hamblin smith, 

M. A., ofGofwUle and Caius College^ and late Lecturer in Classics at 
St, Petet^s College^ Cambridge, 

Twenty-fifth Edition, \2mo, 31. 

Henry's First Latin Book. By tkoua& kerchever Arnold, 

MA 

A Key for the use of Tutors only, i2tno, is, 

A New and Revised Edition, i2mo. y, 

Arnold's Henry's First Latin Book. Byc g. gepp, m. a., 

late Head-Master of King Edward VI, School^ Stratford-upcn-' 
Avon ; Author of *^ Progressive Exercises in Latin Elegiac Verse," 

A Key for the use of Tutors only. Crown $vo, 5/. 
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TuomtiHh EdUion. ^o, 6s, 6d. 

A Practical Introduction to Latin Prose Com^ 

position. By Thomas Kerchever Arnold, M. A. 
A Key for the use of Tutors only. \2mo, is. 6d. 

A New and Revised Edition. Crown fojo. 5 j. 

Arnold's Practical Introduction to Latin Prose 

Composition. By G. Granville Bradley, M.A., Master of 
University College^ Oxford^ and formerly Master of Marlborough 
College, 

A Key for the use of Tutors only. '5^. 

"An Introduction has been prefixed containing three parts, two of which are new, the 
other much modified. The first of these is an exj^lanation of the traditional terms by 
which we designate the different ' parts of speech' m English or Latin. The exposition 
is confined to the most simple and elementary points. This is followed by a few pages on 
the Analysis of the Simple and Compound Sentence. Such logical analysis of the lan- 
guage is by this time generally accepted as the only basis of intelligent grammatical 
teaching,^ whether of our own or of any other language. I have followed Mr. Arnold's 
example in prefixing some remarks, retaining so far as possible his own language, on the 
Order of Words ; I have added some also on the arrangement of clauses in the Latin 
Sentence. ^ The matter for translation as comprised in the various exercises has been 
almost entirely rewritten. I have not, after full consideration, taken what would have 
been the easier course, and substituted single continuous passages for a number of sepa- 
rate and unconnected sentences. I found that for the special purpose of the present 
work, dealing as it does with such manifold and various forms of expression, the employ, 
ment of these latter was indispensable, and I have by long experience convinced myself 
of their value in teaching or studying the various turns and forms of a language which 
differs in such innumerable points from our own as classical Latin." 

Extract from the Preface, 

Crown Svo. 

The /Eneid of Vergil. Edited, wHA Notes at the end, by Francis 
Storr, M.A., Chief Master of Modem Subjects ai Merchant Taylors^ 
School. 

Books I. and II. 2s. 6d. Books XI. and XII. 2s. 6d. 

Small Svo. is. 6d. 

Virgil, GeOrgiCS. book IV. EdUed, with UU, Notes, Voca^ 
bulary, and Index, by C. G. Gepp, M. A., late Head-Master of King 
Edward VI. School, Stratford-upon-Avon, and Editor of ^^ Arnold s 
Henrys First Latin Book," revised edition. 

Small ^0. IS, 6d, 

Selections from the Aeneid of Vergil, with Notes. 

By G. L. Bennett, M.A., Head-Master of the High School, 
Plymouth. 

WATERLOO PLACE, LONDON. 
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New EdiHon^ Revised. Crown Svo, 3J. 6d. 

Stories from Quid in Elegiac Verse, with Notes for 

School Use and Marginal References to the Public School Latin 
Primer. By R. W. Taylor, M. A., Head-Master of Kelly College^ 
Tavistocky and late Fellow of St. jfohn^s College^ Cambridge, 

New Edition, Revised. Crown Svo. 2s. 6d. 

Stories from Quid in Hexameter Verse. Meta- 

fnorph0868, with Notes and Marginal References to the Public 
School Latin Primer. By R. W. Taylor, M.A. 

New Edition f Revised, i2mo, 2s, 6d, 

EclogCB OuidianCB. From the Elegiac Poems. With English 
Notes. By Thomas Kerchever Arnold, M.A. 

Small Svo, 2s. 

Cicero de Amicitia. EdUed, toitk Notes and an Introduction, by 

Arthur Sidgwick, M.A., Ttttor of Corpus Christi College^ 

Oxford; late Assistant- Master at Rugby School, and Fellviv of Trinity 

College, Cambridge, 

Contents. — Introduction: Time and Circumstances — Dedication — Scheme of the 

Dialogue — Characters of the Dialogues : The Scipionic Circle— Pedigree of the Scipios — 

Conspectus of the Dialogue — ^Analysis. Laelius De Amiciti& — Notes— Scheme of the 

Subjunctive — Notes on the Readings— Indices. 

" No volume on our list is more valuable boys and students. It is just the work to 

than Mr. Sidgwici^s edition of Cicero's be placed in a young studenfs hands far 

treatise ' De Amiciti&y prefaced by a re- translation and retranslation; and Mr. 

view of the circumstances and scheme and Sidg7vicffs explanatory and illustrative 

interlocutors of the dialogue^ a conspectus notes are calculated to fix its matter in 

and analysis of the same, and an excellent the memory. , We can strongly 

ap^ndix on the scheme of the subjunctive^ recommend this in every respect ivell- 

wkich cannot fail to be useful to school' furnished edition." — Saturday Review. 

Crown Sz/o. 3J. 6d, 

Exercises on tii^ Elementary Principles of Latin 

Prose Composition, with Examination Papers on the Ele- 
mentary Facts of Latin Accidence and S3nitax. By J. Hamblin 
Smith, M.A., qf Gomdlle and Caius College^ and late Lecturer in 
Classics at St. Peter's College, Cambridge, 

A Key. Crown Svo. $s. 

Small Svo, is, 4^. 

Easy Exercises in Latin Prose. By charles bigg, d.d., 

formerly Principal of Brighton College, 

WATERLOO PLACE, LONDON, 
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A Latin-Engliah Dictionary for Junior Forms of 

Schools, By C. G. Gepp, M. A. [In the Press. 

This work aims at supplying in a concise fonn and at a low cost all the information 
required by boys in Middle^ Class Schools, or in the Junior Forms of Public Schools. 
Archaisms (with the exception of such as occur in the most commonly read authors), 
words peculiar to Plautus, and words found only in Late or Ecclesiastical Latin, have 
been excluded accordinelv. On the other hand. Proper Names have been briefly yet 
adequately treated in alphabetical order in the body of the work. No effort has been 
spared to ensure completeness and accuracy, all references having been verified from the 
latest and most approved editions of modern scholars. While every legitimate aid has 
been given to schoolboys, with whom the looking out a meaning is often a very haphazard 
process, it is hoped that the volume may be found a useful and handy companion to 
many who seek to renew their acquaintance with the favourites of bygone days. 

8z/<7. 'On a card^ is. 

Outlines of Latin Sentence Construction. By e. d. 

Mansfield, M.A., Assistant' Master at Clifton College, 
Second Edition. Crown Svo. ys. 6d, 

Classical Examination Papers. Edited, wuk Notes and 

References, by P. J. F. Gantillon, M.A., ClassiccU Master at 
Cheltenham College. 

Or, interleaved with writing-paper, half-bound, los. 6d. 

New Edition, re-arranged, with fresh Pieces and additional References, 

Crown %ivo. ds. 6d, 

Materials and Models for Latin Prose Composition. 

Selected and arranged by ] . Y. Sargent, M.A., Fellow and Tutor 
of Hertford College, Oxford, and T. F. Dallin, M.A., late Tutor 
and Fellow of Queen* s College, Oxford. • 

New Edition, revised, with additional pieces. Crown $vo, $s, 

Latin Version (116) of Selected Pieces from Materials 

and Models. By], Y. Sargent, M.A. 
May be had by Tutors only, on direct application to the Publishers. 

Small ^o, y. 6d, 

CcBsar. De Bello Gallico. books l-iii. Edited, wuh 

Preface, Introductions, Maps, Plans, GrammcUical, Historical, and 
Geographical Notes, Indices, Grammatical Appendices, &*c,, by], H. 
Merryweather, M.A., and C. C. Tancock, M.A., Assistant- 
Masters at Charterhouse. 

Book I. separately. 2s, 

» ■ II 11. Ill I „ 
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Small 9po. 2s, 

Selections from Books VIII. and IX. ofLivy. with 

Notes and Map. By £. Calvert, IX.D., .Sf. Jokn^s CoOige, 
Cambridge; and R. Saward, M.A., FdUm of SL JoMs Ctdligty 
Cambridge; Assisiani-Master at Skrewsbury School. 

Fifth EdUwn. iimo, 4/. 

Cornelius NepOS. with Cntical Qaesaons and Answeis, and an 
ImitatiYe Exercise on each Chsqpter. 2^ T. K. Arnold, M.A. 

CtOWH cfVOm 

Terenti ComosdioB. Edited hy\. l. papillon, m.a., FOhm 

of New CoOese^ Oxford. 

ANDRIA BT EUNUCHUS. With Introduction on Prosody. ^.6d. 
Or separately, ANDRIA. With Introduction on Prosody, y. 6d, 
EUNUCHUS. y. 

Cruwti ciDO. 5^. 

Juvenalis Satirw. thirteen satires. E^^ied by g. 

A. SiMCOX, M.A., Fdlowof Queen* s College, Oxford. 

Crown 9afo. y. 6d. 

PerSii Satirw. EdUtd by a. Pretor, M. a,, of Trimty CoO^, 
Cambridge. 

Crown S/vo. Js. 6d. 

Horati Opera. By J. M. MARSHAL^ M.A., Under-Master at 
DtUwich College. 

Vol. L— the ODES, CARMEN SECULARE, and EPODES. 
Also separately, THE ODES. Books I. to IV. is. 6d. each. 

Crown aoo. 

TaCiti Histories. EdUed by W. H. Smcox, M.A., FOlaw of 
Queen^s College, Oxford. 

Books L and IL, 6;. Books III., FV., and V., 6r. 
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GREEK 

Second Edition^ Revised, Crown dvo, ^s. 6d. 

A Primer of Greek Grammar, with a Preface 4^ John 

Percival, M.A., LL.D., President of Trinity College^ Oxford; 
late Head-Master of Clifton College, 

This book is in use at Eton, Rugby, Clifton, Edinburgh, Rossall, Uppingham, 
Felstead, &c. 

Or separately, crown ^o, 2s, 6d, . 

Accidence. By Evelyn Abbott, M.A., LL.D., Fellow and Tutor 
of Balliol Collie, Oxford; and E. D. Mansfield, M.A., 
Assistant-Master at Clifton College, 

Crown 9ivo, is, 6d, 

Syntax. Sy E. D. Mansfield, M.A., Assistant- Master at Clifton 
CoU^e, 

This outline of the chief Rules of Greek Syntax, which is intended as a sequel to the 
"Primer of Greek Accidence," lays no claim to orieinaUtv of treatment. Tne Editor 
has freely consulted the usual authorities, especially the well-known " Greek Moods and 
Tenses, and the later "Elementary Greek Gxammar," of Professor ^y. W. Goodwin, 
and has only aimed at stating Rules simply and concisely, and so grouping them as to 
indicate general principles and prepare the beginner for the use of a fuller treatise. He 
is largely indebted in tne first part of the Syntax to material kindly placed at his dis- 
posal bv Mr. Evelyn Abbott, which, however, has for teaching purposes been thrown 
into a shape for which the Editor alone is responsible. — Extruct from the Prtface, 

Contents. — Part. I.— Agreement. The Cases. Accusative. Genitive. Dative. 
Prepositions. Article. Pronouns. Tenses. Notes on the Tenses. Moods. Infinitive. 
Participle. Verbal Adjective. Negatives 0^ and yd\. Conjunctions and Particles. 
Conjunctions. Participles. Part II. — The Simple Sentence. Direct Statement. 
Direct Command. Expression of a Wish. Direct Question. The Compound Sentence. 
Substantival Clauses: Indirect Statement — Indirect Command — Indirect Question. Ad- 
jective Clauses. Adverbial Clauses: Final — Consecutive — ^Temporal— Conditional — 
Concessive — Casual. Adjectival Clauses with Adverbial force. Further Rules for 
Indirsct Speech. Dependent Clauses in Indirect Speech. 

Part L Crown %vo, y, 6d, 

A Practical Greeli Method for Beginners. Being a 

Graduated application of Grammar to Translation and Composition. 

ByY, Ritchie, M.A., and E. H. Moore, M.A., Assistant-Masters 

at the High School, Plymouth, 

Containing the Substantives, Adiectives, Pronouns, and Regular Pure Verbs, with 
exercises (English-Greek and Greek-English), introducing the main rules of Syntax of 
the Simple S«itence. 

The aim of this book, which is at once a Grammar and Exercise Book, is to secure an 
uniform method of teHrhing Granunax, and to afford abundant practioe in inflexion, &c., 
at the time that the Grammar is being learnt. 

PART II. in preparation. 
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Second EdiHon, RtvistcL Croamtfuo, y,6d. 

A First Greek Writer, sy a»thto sidgwick, m.a,, rmtar 

of Corpus CkrisH CoiUgt^ Oxford^ laU AssisiaMl-MasUr ai Rugby 
School^ and FdUno of Trinity College, CamMdge, 

This book is in use at Eton, Harrow, Wiochester, Rngbj, Cfifton, Shrewsbory, 
Chartgffaoittc, Edinbufxli, &c. 

A Key for the use of Tutors only. Croum Szv. 51. 

Gemebal Contents. Hints on Wridi^ Gredc. The Articks. Ptonoims. Attrac- 
tion. Adjectives. Cases. Infinitive. P^uticiple. Tense Idioms. Adverbs. Dramatic 
FarticIeSb About 120 Excrdscs, with special and general vocahnlarira. 

Third Edition, Revised. Crvam Ssv. 51. 

An Introduction to Greek Prose Composition, with 

Exercises. By Ajlthur Sidgwick, B(LA^ 

A Key for the me of Tutors only. 51: 

Sixth Edition, l2mo. y. 

The First Greek Book, On the plan of Henrys First Latin 
Book. By Thomas Ksrcheyer Arnold, M. A. 

A Key for the use of Tutors only. i2mo. is, 6d, 

New Edition, Revised, Croam &v. 

Arnold's First Greek Book. By francis david moricb, 

M.A., Assistant-Master at Rugby School, and Fellow of Queen* s 
College, Oxford. [In preparation, 

Thir{( Edition. Imperial i&mo. Ss. 6d. 

Madvig's Syntax of the Greek Language, espe- 
cially of the Attic Dialect For the use of Schools. 
Edited by Thomas Kerchever Arnold, M.A. 

Recommended by the Cambridge Board of Classical Studies for the 
Classical Tripos. 

Ninth Edition, %afo, 5j. 6<^ 

A Practical Introduction to Greek Accidence. 

By Thomas Kerchever Arnold, M. A. 

Thirteenth Edition, Svo, 5f. 6d. 

A Practical Introduction to Greek Prose Com- 

position. By Thomas Kerchever Arnold, M. A 
A Key for the use of Tutors only. i2mo, is. 6d, 
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New Edition^ Revised, Crown S/z/o^ p, 6d, 

Arnold's Practical Introduction to Greek Prose 

Composition. By Evelyn Abbott, M.A., LL.D., Fdlow and 
Tutor of BoUliol College, Oxford. 

A Key for the use of Tutors only. Crown Sz/o. $s. 6d, 

" I have endeavoured to keep everything that seemed of value, and often I have 
adhered to the lyords of the explanations because I wished to preserve, as far so possible, 
the continuity of the book. But I have added illustrations, altered the order of the 
sections, and indeed rearranged the matter of the sections themselves, wherever I thought 
that, by doing so, I could gain in clearness or simplicity ; I have also rewritten, almost 
entirely, the sentences in the exercises. The lists of accents, irregular verbs, &c., which 
Mr. Arnold prefixed to his book, I have omitted, because all that is required on these 
matters can be obtained from the Greek Accidence ; and I have also omitted the refer- 
ences to grammars now no longer in general use among scholars, the list of particles, and 
the questions on syntax at the end of the exercises. Ihe table of idioms is retained, with 
alterations, and references to it are given in the exercises — though I would strongly re- 
commend the student to learn this table by heart, and so render reference unnecessary. 
The vocabulary is, I believe, nearly comp4ete, and the index of matters will serve as an 
independent table of references, whenever those given in the text are insufficient." 

Extract from the Preface. 
Crown %vo. 4r. 6</. 

Elements of Greek Accidence. By evelyn abbott, 

M.A., LL.D., Fellow and Tutor of Balliol College, Oxford. 

Crown Svo. 4s, 6d. 

An Elementary Greek Grammar. By j. hamblin 

Smith, M. A., of Gonville and Cams College, and late Luturer in 
Classics at St, Peter's College, Cambridge, 

Cloth limp, 9/1/0, is, 

A Table of Irregular Greek Verbs, classified 

according to the arrangement of Curtius's Ureek 

Grammar. By Francis Storr, M. A., Chief-Master of Modern 
Subjects at Merchant Taylor^ School, and late Assistant- Master at 
Marlborough College, 

Cloth limp, 8z/<7. ()d. 

Elementary Card on Greek Prepositions. By Rev. 

E. Priest LAND, M.A., Spondon House School, Derbyshire, 

Crown ^0. 9</. 

A Short Greek Syntax. Extracted from "xenophon's 

Anabasis, with Notes." By R. W. Taylor, M.A., Head- Master 
of Kelly College, Tavistock. 
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Second Edition Revisid, Small ^o. is. td. 

Zeugma ; or, Greek Steps from Primer to Author. 

By the Rev. Lancelot Sanderson, M.A., Principal of Elstree 
School f laU Scholar of Clare College^ Cambridge; and the Rev. F. B. 
Firman, M.A., Assistant^Master at Sanroyd School, Cobham, late 
Scholar of yesus College, Cambridge. 

Second Edition. Crown ^o. Js. 6d, 

Classical Examination Papers. Edited, wuh Notes and 

References, by P. J. F. Gantillon, M.A., Classical Master at 
Cndtenham College, 

Or interleaved with writing-paper, half-bound, lor. 6^. 

Second Edition, conkdning Fresh Pieces and additional References. 

Crown Sivo. ' $s. 

Materials and Models for Greek Prose Com- 

position. Selected and arranged by J. Y. Sargent, M. A., Fellow 
and Tutor of Hertford College, Oxford; andT. F. Dallin, M.A., 
Tutor, late Fdhw, of QueeiSs Collie, Oxford. 

Crown 8w. Js. 6d. 

Qreeli Version of Selected Pieces from Materials and 

Models. By J. Y, Sargent, M.A. 

May be had by Tutors only, on direct application to the Publishers. 

Crown 9ivo. 2s. 

lophon : An Introduction to the Art of Writing 

Greek Iambic Verses. By the writer of '*Nuces'' and 

** Lucretilis." 

Fifth Edition, Crown 2(vo, is, 6d. 

Stories from Herodotus. The Tales of Rhampslmtus and Poly- 
crates, and the Battle of Marathon and the Alcmaeonidae. In Attic 
Greek, Edited by], Surtees Phillpotts, M.A., Head-Master of 
Bedford Grammar School, 

New Edition. Small Svo. 3j. 6d. 

Selections from Lucian. with Engush Notes. ^>^evelyn 

Abbott, M.A., LL.D., Fellow and Tutor of Balliol ColU^ Oxford. 
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Small %fvo, \s, 6d. each. 

Scenes from Greek Plays, rugby edition. 

Abridged and adapted for the use of Schools, by Arthur Sidgwick, 
M.A., Tutor of Corpus Christi College, Oxford, late Assistant' 
Master at Ru^y School, and Fellow of Trinity Collie, Cambridge, 

Aristophanes. 

THE CLOUDS. THE FROGS. THE KNIGHTS. PLUTUS. 

Euripides. 

IPHIGENIA IN TAURIS. THE CYCLOPS. ION 
ELECTRA. ALCESTIS. • BACCHiE. HECUBA 



Third Edition. Crown Svo. y. 6d. 

Stories in Attic Greek. Forming a Greek Reading Book for 
the use of Junior Forms in Schools. JVith- Notes and Vocabulary, 
By Rev. Francis David Morice, M.A., Assistant-Master at 
Rugby School, and Fellow of Queen* s College, Oxford. 

CoNTBNTS.*— Hints to Beginners — How to look out words in a Vocabulary — Sterns^ 
Augments — Temporal Augments — Compound Verbs — Changes of Prepositions in Conk- 
pound Verbs — Special Irregularities— List of Changes of Prepositions in Composition — 
Hints on Construing — Structure of Sentences — Conjunctions, &c. — Stops — Pronouns — 
Articles : (i) Marking subject. (2) Words placed between Article and Noun. (3) Repeti- 
tion of Article. (4) Article with a Participle. (5) Articlo equivalent to a Possessive Pro- 
noun. (6) Article with Infinitive — 250 Stories — Notes — Index to Stories — ^Vocabulary of 
Proper Names— General Vocabulary. 

Second Edition. Crown Svo. 

The Anabasis of XenOphon, EdUed, wUh Preface, intro- 
duction. Historical Sketch, Itinerary, Syntax Rules, Notes, Indices, 
Vocabularies, and Maps, by R. W. TAYLOR, M.A., Head-Master of 
Kelly College, Tavistock, and late Fellow of St. John^s College, Cam- 
bridge. 

Books I. and II. y. 6d. Books III. and IV. 3J. 6d. 

Also separately, Book L, 2s. 6d. ; BooK»II,, 2j. 

Crowfi Svo. 2s. ()d. 

XenOphOn 'S AgesilaUS. Edited, with syntax RuUs, and Refer- 
ences, Notes and Indices, by R. W. Taylor, M.A. 

Small ^0. 2s. 

Xenophon's Memorabilia, book i., with a few omissions. 

Edited, with an Introduction and Notes, by the Rev. C. E. McJberly, 
'^.K., formerly Scholar of Balliol College, Oxford. • 
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Small 9fvo, 2s, 

Alexander the Great in the Punjaub. Adapted from 

Arrian, Book V. An Easy Greek Reading Book. Edited^ wUk 
Notes and a Map, by the Rev. C. E. Moberly, M.A., formerly 
Scholar of Balliol College^ Oxford, 

Small 8zv* 

Homer's Iliad, EdUed, with Notes at the end for the Use of Junior 
Students, by Arthur Sidgwick, M.A,, Tutor of Corpus Christi 
College, Oxford; late Assistant- Master at Rugby School, and Fellow 
of Tnnity College, Cambridge, 

Books I. and II. 2s, 6d. 

Contents. — Preface— Introduction— The Language of Homer— The Dialect — Forms 
— Syntax — General Text, Books I. and II. — Notes — Indices. 

Book XXI. is, 6d. Book XXII. is, 6d, 

Small Svo. 2s, 

Homer without a Lexicon, for Beginners, iliad. 

Book VI. Edited, with Notes giving the meanings of all the less 
common words, by], Surtees Phillpotts, M.A., Head-Master of 
Bedford Grammar School, 

Fifth Edition, i2mo. y, 6d, 

Homer for Beginners, iliad, books liii. with English 

Notes. By Thomas Kerchever Arnold, M.A. 

Fifth Edition, l2mo, I2s, 

The Iliad of Homer, with EngUsh Notes and Grammatical 
References. By Thomas Kerchever Arnold, M.A. 

CroTon Svo. ts. 

The Iliad of Homer, books I.-Xn. From the Text of Din- 
dorf. With Preface and Notes. By S. H. Reynolds, M.A., late 
Fellow and Tutor of Brasenose College, Oxford, 

New Edition, i2mo, ^, 

A Complete Greek and English Lexicon for 

the Poems of Homer and the HomeridoB, ByG. 

Ch. Crusius. Translated from the German. Edited dy T, VL 
Arnold, M.A. 
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8zv. i6x. 

Hellenica. A Collection of Essays on Qreeh Poetry, 
Philosophy, History, and Religion, Edited by Evelyn 

Abbott, M. A., LL.D., Faicw and Tutor of Balliol College, Oxford, 

CoNTBNTS. — ^Aeschylus. E. Myers, m.a. — ^The Theology and Ethics of Sophocles. 
E. Abhott, M.A., I.L.D. — System of Education in Plato's Republics. R. L. Nettleship, 
K.A. — Aristotle's Conception of the State. A. C. Bradley, m.a. — Epicurus, W. L. 
Courtney, m.a. — The Speeches of Thucydides. R. C. Jebb, m. a.,lud.— Xenophon. H. G. 
Dakyns^ if.A. — Polybius. J. L. S. Davidson, m. a. — Greek Oracles. F. W. H. Myeit, M.A. 

8zv. iSr. 

The Antiquities of Greece, the state. Translated from 

the German of G. F. Schoemann. By E. G. Hardy, M.A., 
Head-Master of the Grammar School, Grantham, and late Fellorw of 
Jesus College, Oxford; and J. S. Mann, M.A., Fellow of Trimijf 
College, Oxford, 

Crown %vo, 

Hercdoti Historia. Edited by H. G. woods, M.A., Fellaw and 
Tutor of Trinity College, Oxford. 

Book I. 6s, Book H. 5s. 

Crown ^0, 4J. 6d, 

Isocratis Omtiones. ad demonicum et panegyricus. 

Edited by John Edwin Sandys, M.A., Fellow and Tutor of SL 
Johtis College, Cambridge, and Piiblic Orator of the University, 

i2mo, 

Demosthenes, EdUed, wUH EngUsh Notes and Grammatical 
References, by Thomas Kerchever Arnold, M.A. 

OLYNTHIAC orations. Third Edition, y. 
ORATION ON THE CROWN. Second Edition, 4J. 6d. 

Crown ^0. ' 5j. 

Demosthenis Orationes Priuatce. de corona. 

Edited by Arthur Holmes, M.A., late Senior Fellow and Dean 
of Clare College, Cambridge, 

Crown %uo, 

Demosthenis Orationes Publicce. Edited by o. h. 

Heslop, M.A., late Fellow and Assistant-Tutor of Queen^s Collfgt, 
Oxford; Head'Mcuter of St. Bees, 

?ST^IPPICa" *" { or. in One Voluo^ 4X. « 
.EG 
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Second Editiony Revised and Enlarged, Crtmm %vo. los. 6d. 

An Introduction to Aristotle's Ethics, books l^iv. 

(Book X., c. vi.-ix. in an Appendix). With a Continuous Analysis 
and Notes. Intended for the use of Beginners and Junior Students. 
By the Rev. Edward Moore, B.D., Principal of St. Edmund HaU^ 
and late Fellow and Tutor of Queen* s College, Oxford, 

Small %vo. 4r. 6^. 

Aristotelis Ethica Nicomachea. Edidit, emendavit, 

crebrisque locis parallelis e libro ipso, aliisque ejusdem Auctoris 
scriptis, illustravit Jacobus E. T. Rogers, M.A. 

Interleaved with writing-paper, half-bound. 6s, 

S^ond Edition. Crown Svo. 3j. 6d. 

Selection^ from Aristotle's Organon. Edned fyjomf 

R. Magrath, D.D., Provost of Queet^s College, Oxford. 

i2mo. 

Sophocles, Edited by T. K. Arnold, M.A., Archdeacon Paul, 
and Henry Brown, M.A. 
AJAX. 3J. PHILOCTETES. y. 

OEDIPUS TYRANNUS. 4^. 

Crown Svo. 

Sophoclis TragoBclicB. Edited by r. c. jebb, m. a., ll.d., 

Professor of Greek cU the University of Glasgow, late Fellow and 
Tutor of Trinity College, Cambridge. 
ELECTRA. y. 6rf. AJAX. 3*. 6^, 

Crown Svo. 

Aristophanis ComoBdice. Edited by w. c. green, m. a., 

late Fellow of King's College, Cambridge; Assistant -Master at 

Rugby School. 
THE ACHARNIANS and THE KNIGHTS. 4J. 
THE CLOUDS. 3j. (id. THE WASPS, y. 6d, 

Crown &vd. 6s, 

ThUCydidiS HistOria. books I. and II. Edited by Charles 
Bigg, D.D., late Senior Student and Tutor of Christ Church, 
Oxford; formerly Principal of Brifrhion College. 

Crown ^0. 6s. 

ThUCUdidiS HistOria. books m. and IV. Edited byG.A. 
SiMCOX, M. A., Fellow of (^teen's ColUge, Oxford. 
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Fifth Edition, Svo. 2is. 

A Copious Phraseological English-Greek Lexicon. 

Founded an a work prepared by J. W. Fradersdorff, Ph.D., late 
Professor of Modem Languages^ Queen* s College^ Belfast, Revised^ 
Enlarged^ and Improved by Thomas Kerchever Arnold, M. A., 
and Henry Browne, M. A. 

Third Edition, Crown Svo, 2s, 6d, 

Short Notes on the Greek Text of the Gospel of 

St, Mark, By J. Hamblin Smith, M.A.," of Gonville and 
Caius College^ Cambridge, 

Crown Sfvo, 4r. 6d, 

Notes on the Greek Text of the Acts of the 

ApOStlSSi B^ J, Hamblin Smith, M.A., of Gonville and Caius 
College, Cambridge, 

Crown Svo, 6s, 

Notes on the Gospel According to S. Luke. 

By the Rev. Arthur Carh, M. A., Assistant-Master at Wellington 
College^ late Fellow of Oriel College, Oxford, 

New Edition, 4 vols, Svo. 102s, 

The Greek Testament with a critically Revised Text ; a 
Digest of Various Readings ; Marginal References to Verbal and 
Idiomatic Usage ; Prolegomena ; and a Critical and Exegetical 
Commentary. For the use oif Hieological Students and Ministers. 
By Henry Alford, D.D., late Dean of Canterbury, 

The Volumes are sold separately, as follows : — 

Vol. L—THE FOUR GOSPELS. 2Ss, 
Vol. II.— ACTS TO 2 CORINTHIANS. 24?. 
Vol. III.— GALATIANS to PHILEMON. \Ss. 
Vol. IV.—HEBREWS to REVELATION. 32J. 

New Edition, 2 vols. Imperial Svo, 60s, 

The Greek Testament. with Notes, introductions, and 
Index. By Chr. Wordsworth, D.D., Bishop of Lincoln, 

The Parts may be had separately, as follows : — 

THE GOSPELS. l6s, 

THE ACTS. Ss, 

St. PAUL'S EPISTLES. 23J. 

GENERAL EPISTLES, REVELATION, and INDEX, idx. 
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CATENA CLASSICORUM 

Ctcwh ooOm 

Aristoplianis Comoedise. By w. c Gresn, m. a. 

THE ACHARNIANS AND THE KNIGHTS. 41. 
THE WASPa y. 6ri THE CLOUDS, y. 6/. 

Demosthenis Orationes Publicae. By G. H. Heslop, M.A. 

THE OLYNTHIACS. 2s. 6d. \ ^, . ^^ v«ln«-. ^. M 
THE PHILIPPICS. 3x. ) or, in One Volume, 4*. 6</. 

DE FALSA LEGATIONE. 6^. 

Demosthenis Orationes Privatae. de corona, b^ 

Arthur Holmes, M.A. y. 

Herodoti Historia. By H. G. Woods, M.A, 

Book I., 6;. Book IL* 51; 

Homeri Ilias. By S. H. Reynolds, ALA. 

Books L-XIL 6r. 

Horati Opera. By J. M. Marshall, M.A. 

THE ODES, CARMEN SECULARS, and EPODES. ^s, 6d. 
THE ODES. Books L to IV. separately, is, 6d, each. 

Isocratis Orationes. ad demonicum et PANEGYRicua 

By^OKin Edwin Sandys, M.A. 45. 6d, 

Juvenalis Satirae. By G. A. Simcox, m.a. 5*. 
Persii Satirae. By A. Pretor, m.a. y. 6d. 
Soplioclis Tragoediae. By R. c. Jebb, m.a. 

THE ELECTRA. y. 6d. THE AJAX. y. 6d. 

Taciti Historiae. By W. H. Simcox, M.A. 

Books I. and IL, 6s, Books III. IV. and V., 6s. 

Terenti Comoediae. andria and eunuchus. With 

Introduction on Prosody. By T. I^ Papillon, M.A. 41; 6^ 

Or separately. 
ANDRIA. With Introduction on Prosody, y. 6d. 
eunuchus. y. 

Thucydidis Historia. books l and IL By Charus Bigg^ 

D.D. 6s. 
Books IIL and IV. By G. A. Simcox, BIA. 6f. 
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DIVINITY 

Smaii%vo, y, 6d, each. Or each Book in Five Parts , is, each Part 

Manuals of Religious Instruction. Edued by 

John Pilkington Norris, D.D., Archdeacon of Bristol, Canon 
Residentiary of Bristol Cathedral^ and Examining Chaplain to the 
Bishop of Manchester, 

The Old Testament. | The New Testament. 

The Prayer Book. 

Cheap Edition, Small ^o, is. 6d, each. 

Keys to Christian Knowledge. syii^Rtv.j.H. 

Blunt, M. A., Editor of the ^^ Annotated Book of Common Prayer.** 



The Holy ©ible. 
The Book of Common 
Prayer. 



The Church Catechism. 
Church History, Ancient. 
ChurchHistory, Modem. 



^>^ John Pilkington Norris, D.D., Archdeacon of Bristol, 

The Four Gospels. | The Acts of the Apostles. 



\%mo, IS, 6d, 

Easy Lessans Addressed to Candidates for Con- 

fir/nation. By Johh pilkington Norris, d.d. 
JVigzu Edition. Small ^o, is, 6d, 

A Manual of Confirmation, with a Pastoral Letter instruct- 
ing Catecnumens now to prepare themselves for their First Com- 
munion. By Edward Meyrick Goulburn, D.D., £>ean of 
Norwich, 

i6mo, is, 6d, ; Paper Covers, is.; or in Three Parts, 6d, each. 

The Young Churchman's Companion to the Prayer 

Booh. By the Rev. J. W. Gedge, M.A., Diocesan Inspector of 
Schools for the Archdeaconry of Surrey. 

Part L— MORNING and EVENING PRAYER, and LITANY. 
Part II.— BAPTISMAL and CONFIRMATION SERVICES. 
Part IIL— THE HOLY COMMUNION. 

Crown Svo, ys. 6d, 

Some Helps for School Life, sermons preached at Clifton 
College, 1802-1879. By J. Percival, M.A., LL.D., President 
of Trinity College, Oxford, and late Head- Master of Clifton College* 

IVATERLOO PLACE, LONDON, 
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New Edition, Small ^o, y. 6(1. 

Household Theology, a Handbook of Religious Information 
respecting the Holy Bible, the Prayer Book,- the Church, the 
Ministry, Divine Worship, the Creeds, &c. &c. Ey the Rev. John 
Henry Blunt, M. A. , F. S. A. , Editor of " The Annotated Book of 
Common Prayer ^^^ &*c, (Sfc. 

Second Edition, /Revised. Crown Svo. ys, 6d. 

Rudiments of Theology, a First Book for students. By 
John Pilkington Norris, D.D., Archdeacon of Bristol, Canon 
Rtsidentiary of Bristol Cathedral, and Examining Chaplain to tfte 
Bishop of Manchester. 

The New Testament according to the Authorized 

Version, with introductions and Notes by John Pilkington 
Norris, D.D., Archdeacon of Bristol, Canon ResicTentiary of Bristol 
Cathedral, and Examining Chaplain to the Bishop of Manchester. 

Vol. I. The Four Gospels. lof. td. 

Vol. II. The Acts, Epistles, and Rbvblation. \os. 6d, 

Second Edition. iSmo. is. 6d. 

The Way of Life. a Book of Prayers and Instruction for the 
Young at School. With a Preparation- for Holy Communion. 
Compiled by a Priest. Edited by the Rev. T. T. Carter, M.A. 

Crown i6mo. Cloth limp. is. 6d. 

A Manual of Devotion, chiefly for the Use of 

Schoolboys, By William Baker, D.D., Head-Master of Mer* 
chant Taylors' School. With Preface by], R. WoODFORD, D.D.; 
Lord Bishop of Ely. 

Small Svo. is. 

» 

Church Principles on the Basis of the Church 

CutBChlSfn, For the use of Teachers and the more Advanced 
Classes in Sunday and other Schools. By^ons Macbeth, LL.D., 
Rector of Killegney, one of the Examiners under the Board of 
Religious Education of the General Synod of the Church of Ireland. 

Crown Svo. is. Cloth limp, is. 6d. 

Study of the Church Catechism, Adapted for use as a 

Class Book. By C. J. Sherwill Dawe, M.A., Lecturer and 
Assistant- Chaplain at St. Marias College, Chelsea. 
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GERMAN 

New EdUion, Revised, ' 4/0, y, 6d, 

A German Accidence for the Use of Schools. By 

J. W. J. Vecqueray, AssutafU'Master at Rugby School, 

Crown 9fvo, 2s, 

First German Exercises. Adapted to Vecqueray's "German 
Accidence for the Use of Schools." By E. F. Grenfell, M.A., 
laU Assistant'Matter at Rugby School, 

Crown $vo, 2s, 6d, 

German Exercises. Part II. with Hints for the Translation 
of English Prepositions into German. Adapted to Vecqueray's 
"German Accidence for the Use of Schools." By E. F. Grenfell, 
M* A., late Assistant-Master at Rugby School, 

Crown 9fVo, 4J. 6d, 

Selections from Hauff's Stories, a First German 

Reading Book. Edited byW, E. MULLINS, M. A. , Assistant-Master 
at Marlborough Collie, and F. Sto&r, M. A., Chief-Master 0/ Modem 
Subjects in Merchant Tayhri School, 

Also, separately^ crown Siuo, 2s, 

Kalif Stork and The Phantom Crew. 

Eighth Edition, izmo, 5^. 6d, 

The First German Book, By t. k. Arnold, m.a., and 

J. W. Fradersdorff, Ph.D. Key, izmo, 2s, 6d, 

Crown $z/o. 2s, 6d, 

LeSSing'S Fables. Arranged m order of difficulty. A First 
German Reading Book. By F. Store, M.A., Chief- Master of 
Modem Subjects in Merchant Taylor^ School^ and late Assistant* 
Master in Marlborough College, 

Crown &/tf. 7j. 6^. 

Goethe 'S Faust. Part I. Text, with English Notes, Essays, and 
Verse Translations. By E. J. Turner, M.A., and E. D. A. 
MORSHEAD, M.A., Assistant- Masters at Winchester College, 
Crown %fvo, 

WATERLOO PLACE, LONDON. 
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FRENCH 

New Edition, Small ^o. 2r. 

A Graduated French Reader, with an introduction on 

the Pronunciation of Consonants and the Connection of Final 
LfCtters, a Vocabulary, and Notes, and a Table of Irregular Verbs 
with the Latin Infinitives. By Paul Barbibr, one of the Modern 
Language Masters at the Manchester Grammar School^ and 
Examiner to the Intermediate Education Board of Ireland, etc. 

Crown Svo. 

The Campaigns of Napoleon. The Text {in French) from 
M. TWX9S: '' Histoire de la Rholution Fran^aise," and ''Bistoire 
du ConsuUU et de VEmpireJ* Edited, with Endish Notes and 
Maps, Jor the use of Schools, by Edward £. Bo wen, M.A., 
Master of the Modem Side, Harrow School, 

ARCOLA. 4J. 6d, MARENGO. 4j. 6d. 

JENA. p.6d. WATERLOO. 6j. 

New Editions, Crown 2n/o. y, 6d, each. 

Selections from Modern French Authors. Edued, 

with English Notes and Introductory Notice, by Henri Van Laun, 
Translator of Taine's History of English Literature. 

H0N0R6 DE BALZAC. H. A. TAINE. 

Small ^0. 2s, 

La Fontaine's Fables, books l and ii. EdUed, wuh 

English Notes at the end, by Rev. P. Bo WDEN - Smith, M.A., 
Assistant- Master at Rugby School, 

Sixth Edition, \2mo, $s, 6d, 

The First French Book. By t. k. Arnold, m.a. 

Key, i2mo, 2s. 6d. 

Small Svo. 2s. 6d. 

The Bengeo French Grammar, a lusage des Ecoies 

Preparatoires. Par Emile de Tuetey, B.S. 

IVATERLOO PLACE, LONDON. 
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MISCELLANEOUS 

WUh Maps, Small ^o. 

A Geography, Physical, Political, and Descriptiue, 

for beginners. By L. B. Lang. Edited by the Rev. M, 
Creighton, M.A., late Fellcrw and Tutor of Merton College^ 
Oxford, 

Vol. L the BRITISH EMPIRE, ^s, 6d. 
Pakt L Thb British Isles, is. 6d. Part IL The British Possessions, is. 6d. 

Vol. II. THE CONTINENT OF EUROPE. [In the Press. 

Vol. III. ASIA., AFRICA, AND AMERICA. [In preparation. 

Small ^0, 2s, 6d. etuhpart. 

Modem Geography for the Use of Schools. 

By the Rev. C. K Moberly, III, K,, formerly Scholar of BaUiol 
College^ Oxford, 

Part I. NORTHERN EUROPE. 

Part II. THE MEDITERRANEAN & ITS PENINSULAS. 

Crown %vo, 3f. dd. 

At Home and Abroad ; or. First Lessons in 

Geography, By^.K. laughton, m. a. , f. r. a. s. , f. r. g. s., 

Mathematical Instructor and Lecturer at the Royal Naval College. 
Second Edition. Crown %vo. 2s, 6d, 

The Chorister's Guide. By w. a. barrett, mus. Bac. 

Oxon., Vicar- Choral of St. Paul's Cathedral^ Author of *' Flowers 
and Festivals " d^v. 

Crown Svo, 2s. 6d. 

An Introduction to Form and Instrumentation, 

for the use of Beginners in Composition. ByW. a. 

Barreti', Mus. Bac. Oxon., Vicar- Choral of St, PauTs CathedreU. 
Sixth Edition. i2mo, *js, 6d. 

The First Hebrew Book. By t. k. Arnold, m.a. 

Key, i2mo, 3j. 6d, 
■ ■ — — — — ■- 
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Byy. HAMBLIN SMITH. 

Elementary Algebra. Small ^o, p. IVUhout Answers, 2s. 6d. 

Key to Elementary Algebra. Crawn Svo. gs. 
Exercises on Algebra. Sf^iaii ^o, 2s, 6d. 
Arithmetic. Smaii ^o, y, 6^. 
Key to Arithmetic, cnnm ^0. gs. 
Elements of Geometry. Sfnaii 2fvo, y. 6d, 

Books I. and II., limp doth, price is. 6d,, may be had separately. 

Key to Elements of Geometry, craum Svo. 8j. ea. 

Trigonometry. Smai/ Svo, 4s. 6d. 

Key to Trigonometry, crtrum ^0. -js. 6d. 

Elementary Statics, smaii ^0, 3^. 

Elementary Hydrostatics. Sfna/i ^ p. 

Key to Elementary Statics and Hydrostatics. Creum 

8zv. 6s, 

Book of Enunciations for Hamblin Smith's Geometry, Al- 
gebra, Trigonometry, Statics, and Hydrostatics. Small Svo, is. 

An Introduction to the Study of Heat, smaii ^0, 3^. 

Latin Grammar, craum ^o, y, 6d. 

Exercises on the Elementary Principles of Latin 

Prose Composition. Crown ^0, y. 6d. 

Key to Exercises on Latin Prose Composition. 

Crcwn 8w. 5^. 

An Elementary Greek Grammar. Cnmn ^0, 4^ . 6iL 

The Rudiments of English Grammar and Compo- 
sition. Crown Svo, 2s, 6d, 

Notes on the Greek Text of the Acts of the Apostles. 

Crown Svo, 4J. 6d, 

Notes on the Greek Text of the Grospel of St. Mark. 

Crown dfvOf 2s, del. 
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BY ARTHUR SIDGWICK. 
An Introduction to Greek Prose Composition. 

Crown 8w. 5/. A Key. 5j. 

A First Greek Writer. Cnrum %vo. y. &/. A Key. sj. 
Cicero de Amicitia. smaU $vo. 2s. 

Homer's Iliad. Sma/i ^o. books I. and II. 2s. 6d. BOOK 
XXL IJ. 6d. BOOK XXII. is. 6d. 

Scenes from Greek Plays. Smaii ^0, each u, 6d. 

ARISTOPHANES : The Clouds, The Frc^s, The Knights, Plutus. 
EURIPIDES : Iphigenia m Tauris, The Cydops, Ion, Electra, 
Alcestis, Bacchae, Hecuba. 

BV GEORGE L. BENNETT. 

First Latin Writer. Crmon ^o. y, 6d, A Key. 5j. 

First Latin Exercises. Cnmm ^vo. 2s. 6d. 

First Latin Accidence. Crmon ^0, u. 6d. 

Second Latin Writer, croum $vo. y. 6d. A Key. 55. 

Easy Latin Stories for Beginners, with Vocabularies and 

Notes. Crown Svo. 2s, 6d, A Key. 5^. 

A Second Latin Reading Book. Crcntm ^0. 
Selections from Caesar. The Gallic War. Sma// $vo, 2s, 
Selections from Vergil. Sma/i ^0. is, 6^. 

BVR. W. TAYLOR. 

Xenophon'S Anabasis. Crown Svo. Books I. and II., y. 6d.i 
III. and IV., y. 6d. Also separately. Book I., 2s, 6d, II., 2s. 

Xenophon'S Agesilaus. crown $z;o. 2s. 6d. 

A Short Greek Syntax. Crown ^uo. 9^. 

Stories from Ovid in Elegiac Verse. Craum 8zv, y. 6d. 

Stories from Ovid in Hexameter Verse, metamor- 

PHOSES. Crown ^0, 2s, 6d, 

Scott's Lady of the Lake. Forming a Volume of the " English 
School Classics." Small S>vo, 2s. ; or in Three Parts^ each ^ 
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BY FRANCIS STORR. 

Small $vo, 
Cowper'S Task. 2s,; or in Three Parts, each gd. 

Cowper's Simple Poems, u. 

Twenty of Bacon's Essays, u. 

Milton's Paradise Lost. Book i.,V.; Book 11., gd. 

Macaulay'S Essays : Moore's Life of Byron, gd.; BosweU's Life 
of Johnson, gd, 

Gray's Odes, and Elegy Written in a Country 
Gkurch-yard. u. 

Farming Volumes of the ^^ English School-Classics,** 
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